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(57) The blood pressure monitor (10) comprises an 
artery pressing section which locally presses an artery 
of the extremities or fingers at an arbitrarily variable 
pressing force, a vibration sensor (22) detecting a vibra- 
tion of the artery at the pressed point or points on a 
peripheral side thereof, a mounting mechanism (26) 
which positions the artery pressing section and the 
vibration sensor (22) on the artery, a blood pressure 
determination section which determines the maximum 
and minimum pressures based on various pressing 
force values applied by the above-mentioned artery 
pressing section and signals detected by the vibration 
sensor (22) at these various pressing force values, 
guides (34) which are provided on each side of the 
vibration sensor (22) and guide the vibration sensor (22) 
to the artery by being located on the both sides of the 
artery, and a peripheral side pressing section which 
presses the artery on the peripheral side from the vibra- 
tion sensor (22). 

The blood pressure monitor (10) does not impart an 
unpleasant or disagreeable feeling to the subject. 



FIG. 2 
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Description 

Technical Field 

[0001] The present invention relates to a blood 5 
pressure monitor and pulse wave detection apparatus. 

Background of the Art 

[0002] Blood pressure is commonly measured by 
auscultation which consists of applying a pressing force 
greater than the maximum blood pressure to the artery 
by pressing the brachium or wrist around the circumfer- 
ence and detecting a vibration of the pressed artery on 
the peripheral side, while gradually decreasing the 
pressing force. 

[0003] A blood pressure monitor disclosed in Japa- 
nese Patent No. 2804484, for example, has a means of 
detecting displacement of the cuff for applying pressure 
around the wrist. 

[0004] Japanese Patent Application Laid-open No. 
5-300885 discloses a blood pressure monitor designed 
as shown in Fig. 2 of the published document, wherein 
the arterial blood flow is controlled by the pressing force 
applied to the arm by altering the degree of expansion 
of an air bag 7 which consists of section of a cuff wound 
around the arm. This pressing force is monitored by a 
third pressure sensor 1, which latches the pressing 
force when a first pressure sensor 2 detects the maxi- 
mum arterial pulse wave and the pressing force when a 
second pressure sensor 3 detects an arterial pulse 
wave above a prescribed level. The peripheral blood 
pressure is determined based on the latched pressure 
information. 

[0005] In these blood pressure measuring methods, 
however, almost the entire circumference of the bra- 
chium or wrist is pressed so that the nervous tissues 
which are distributed densely close to funny bones in 
the case of the wrist, for instance, are pressed, impart- 
ing an unpleasant and disagreeable feeling. Such an 
unpleasant and disagreeable feeling caused by press- 
ing the entire circumference of the measuring section 
such as the extremities and fingers has been experi- 
enced when the blood pressure is measured by press- 
ing the entire circumference of other parts such as 
brachium and fingers. 

Disclosure of the Invention 

[0006] The present invention has been completed 
in view of this situation and has an object of providing a 
blood pressure monitor and a pulse wave detection 
apparatus which impart an unpleasant and disagreea- 
ble feeling to a subject only to a minimal degree. 
[0007] One aspect of the present invention provides 
a blood pressure monitor comprising: 

an artery pressing section which locally presses an 



artery of any one of extremities and fingers at an 
arbitrarily variable pressing force; 
a control section which controls the pressing force 
applied by the artery pressing section; 
a vibration sensor detecting a vibration of the artery 
at a point pressed by the artery pressing section or 
at a point peripheral to the point pressed by the 
artery pressing section; and 
a blood pressure determination section which 
determines a maximum blood pressure and a mini- 
mum blood pressure based on various pressing 
force values applied by the artery pressing section 
and signals detected by the vibration sensor at the 
various pressing force values. 

[0008] In this blood pressure monitor, the blood 
pressure determination section determines the maxi- 
mum and minimum pressures based on various press- 
ing force values applied when the artery pressing 
section locally presses an artery of the extremities or 
fingers and the signals detected by the vibration sensor 
at these various pressing force values. Because the 
extremities or fingers are not pressed over the entire cir- 
cumference, no discomfort or unfavorable feeling will be 
imparted to the subject. 

[0009] In addition, because the artery pressing sec- 
tion presses the artery only locally, the pressing opera- 
tion will not be interfered with by the sinews or bones 
which may be present close to the artery. Therefore, the 
pressing operation can press the artery with certainty, 
ensuring measurement of the blood pressure more 
accurately than in the conventional method in which the 
entire circumference of the extremities or fingers is 
pressed by a cuff or the like. 

[001 0] Another aspect of the present invention pro- 
vides a blood pressure monitor comprising: 

a first artery pressing section which locally presses 

a first artery of any one of extremities and fingers 

having the first artery and a second artery at an 

arbitrarily variable pressing force; 

a control section which controls the pressing force 

applied by the first artery pressing section; 

a second artery pressing section which locally 

presses the second artery; 

a vibration sensor detecting a vibration of the first 

artery at a pressed point or on a peripheral side 

thereof; and 

a blood pressure determination section which 
determines a maximum blood pressure and a mini- 
mum blood pressure based on various pressing 
force values applied by the first artery pressing sec- 
tion and a signal detected by the vibration sensor at 
each of the pressing force values. 

[0011] In this blood pressure monitor, the blood 
pressure determination section determines the maxi- 
mum and minimum pressures based on various press- 
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ing force values applied when the first artery pressing 
section locally presses an artery of the extremities or 
fingers and the signals detected by the vibration sensor 
at these various pressing force values. Because the 
extremities or fingers are not pressed over the entire cir- 
cumference, no discomfort or unfavorable feeling will be 
imparted to the subject. 

[0012] In addition, because this blood pressure 
monitor is equipped with the second artery pressing 
section which locally presses the second artery, the 
monitor can shut off the blood flow to the peripheral side 
from the pressed point. Therefore, the vibration of the 
first artery detected by the vibration sensor will not be 
affected by the pulses due to the blood flowing from the 
second artery via the artery which connect the second 
and first arteries, thereby ensuring more accurate blood 
pressure measurement. 

[0013] The above-mentioned blood pressure moni- 
tors may further comprise a positioning mechanism 
which positions the first pressing section and the vibra- 
tion sensor on the artery. 

[001 4] Such a positioning mechanism ensures easy 
determination of positioning for the artery pressing sec- 
tion and the vibration sensor on the artery. 
[0015] The above-mentioned blood pressure moni- 
tors may further comprise guides provided on each side 
of the vibration sensor and guiding the vibration sensor 
to the artery by being located on both sides of the 
artery. 

[0016] This configuration ensures easy and certain 

positioning of the vibration sensor on the artery by caus- 
ing the guides which guide the vibration sensor on the 
artery to be located on each side of the artery. 
[0017] The above-mentioned blood pressure moni- 
tors may further comprise a peripheral side pressing 
section which presses the artery at a point peripheral to 
the vibration sensor and almost completely shuts off the 
vibration transmitted by an artery section peripheral to 
the vibration sensor. 

[0018] According to this configuration, because the 
artery is pressed by the peripheral side pressing section 
on the peripheral side from the artery pressing section 
and the vibration sensor, pulses transmitted from 
branch passages of arteries or the like can be shut off, 
enabling mere accurate blood pressure measurement. 
[0019] In the above-mentioned blood pressure 
monitors, it is preferable that the vibration sensor 
detects the vibration transmitted to the artery pressing 
section. 

[0020] The blood pressure can be measured with- 
out causing the oscillatory sensor to directly come into 
contact with the skin. 

[0021] The above-mentioned blood pressure moni- 
tors may further comprise a sensor pressing section 
which causes the vibration sensor to press the artery. 
[0022] This configuration, which enables the sensor 
pressing section of the vibration sensor to press the 
artery, causes the vibration sensor to press the artery at 



an appropriate pressure so that a vibration from the 
artery can be detected with certainty. 
[0023] In the above-mentioned blood pressure 
monitors, the vibration sensor may be a pulse wave sen- 
5 sor detecting a pulse waveform, and 

the blood pressure monitor may further comprise a 
conversion section which converts the pulse wave- 
form into a blood pressure waveform based on the 
10 maximum blood pressure and the minimum blood 
pressure. 

[0024] In this blood pressure monitor, the conver- 
sion section converts the pulse waveforms obtained 
15 from a pulse wave detection apparatus located on the 
artery into blood pressure waveforms based on the 
maximum and minimum blood pressures measured by 
the blood pressure monitor, thereby obtaining blood 
pressure waveforms. Therefore, blood pressure wave- 
20 forms can be obtained non-invasively. 

[0025] The above-mentioned blood pressure moni- 
tor may further comprise a blood-pressure-waveform 
processing section which calculates at least one of fol- 
lowing items based on the blood pressure waveform 
25 obtained by the conversion section: a mean blood pres- 
sure, a pulse pressure which is a difference between the 
maximum blood pressure and the minimum blood pres- 
sure, a. after-ejection pressure which is a pressure dif- 
ference between a dicrotic notch and the maximum 
30 blood pressure, a dicrotic wave height which is a pres- 
sure difference between the dicrotic notch and a dicrotic 
wave peak, an after-ejection pressure ratio which is the 
after-ejection pressure normalized by the pulse pres- 
sure, a dicrotic wave height ratio which is the dicrotic 
35 wave height normalized by the pulse pressure, and a 
dicrotic wave height after-ejection pressure ratio which 
is a ratio of the dicrotic wave height and the after-ejec- 
tion pressure. 

[0026] In this manner, at least one of the mean 
40 blood pressure, pulse pressure which is the difference 
between the maximum and minimum blood pressures, 
after-ejection pressure which is the pressure difference 
between a dicrotic notch and the maximum blood pres- 
sure, dicrotic wave height which is the pressure differ- 
45 ence between the dicrotic notch and the dicrotic wave 
peak, after-ejection pressure ratio which is the after- 
ejection pressure normalized by the pulse pressure, 
and dicrotic wave height after-ejection pressure ratio 
which is a ratio of the dicrotic wave height and the after- 
50 ejection pressure can be calculated by the blood-pres- 
sure-waveform processing section. 
[0027] In the above-mentioned blood pressure 
monitors, the artery pressed by the artery pressing sec- 
tion, of which vibration is detected by the vibration sen- 
55 sor, may be a radial artery. 

[0028] Because the blood pressure monitor can 
measure blood pressure without pressing section of the 
wrist around the ulna in which many nerve tissues are 
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present, It is possible to measure the blood pressure on 
the wrist without imparting an unpleasant and disagree- 
able feeling to a subject 

[0029] A pulse wave detection apparatus which Is 
further aspect of the present invention comprises: 

an artery pressing section which locally presses an 

artery of any one of extremities and fingers at an 

arbitrarily variable pressing force; 

a control section which controls the pressing force 

applied by the artery pressing section; and 

a pulse sensor detecting pulse of the artery at a 

pressed point or on a peripheral side thereof. 

[0030] In this pulse wave detection apparatus, the 
pulse wave sensor detects pulse waves at the point of 
the artery pressing section or on the peripheral side 
based on variable pressing force values applied when 
the artery pressing section locally presses the artery of 
the extremities or fingers. Therefore, pulse waves at var- 
ious pressures applied by the artery pressing section 
can be detected. 

[0031] The atx)ve-mentloned pulse wave detection 
apparatus may further comprise a positioning mecha- 
nism which positions the artery pressing section and 
the pulse sensor on the artery. 
[0032] Such a positioning mechanism ensures easy 
determination of positioning for the artery pressing sec- 
tion and the vibration sensor on the artery. 
[0033] The above-mentioned pulse wave detection 
apparatuses may further comprise guides provided on 
each side of the pulse sensor and guiding the pulse 
sensor to the artery by being located on both sides of 
the artery. 

[0034] This configuration ensures easy and certain 
positioning of the pulse detector on the artery by caus- 
ing the guides which guide the pulse detector on the 
artery to be located on each side of the artery. 
[0035] In the at)ove-mentioned pulse wave detec- 
tion apparatuses, the pulse sensor may detect the vibra- 
tion transmitted to the artery pressing section. 
[0036] This configuration enables the pulse detec- 
tor to detect pulse waves without applying pressure to 
the artery from above the skin. 
[0037] The above-mentioned pulse wave detection 
apparatuses may further comprise a sensor pressing 
section which causes the pulse sensor to press the 
artery. 

[0038] This configuration, which enables the sensor 
pressing section of the pulse detector to press the 
artery, causes the pulse detector to press the artery at 
an appropriate pressure so that pulses from the artery 
can be detected with certainty. 
[0039] In the above-mentioned pulse wave detec- 
tion apparatuses, the artery pressed by the artery 
pressing section, of which pulse is detected by the pulse 
sensor, may be a radial artery. 
[0040] Therefore, pulse waves from the radial artery 



at various pressures applied by the artery pressing sec- 
tion can be detected. 

[0041] The above-mentioned pulse wave detection 
apparatuses may further comprise: 

5 

a pressure waveform processing section which cal- 
culates at least one of the following items based on 
the pulse waveform obtained by the pulse sensor: 
an after-ejection pressure ratio which is an after- 

10 ejection pressure normalized by a pulse pressure, 
the after-ejection pressure being a pressure differ- 
ence between a dicrotic notch and a maximum 
blood pressure, the pulse pressure being a differ- 
ence between the maximum blood pressure and a 

15 minimum blood pressure; 

a dicrotic notch difference ratio which is a dicrotic 
notch difference normalized by the pulse pressure, 
the dicrotic notch difference being a difference 
between a blood pressure of the dicrotic notch and 

20 the minimum blood pressure; 

a mean-blood-pressure pulse-pressure ratio which 
is a ratio of the mean-blood-pressure and the pulse 
pressure, a dicrotic wave height ratio which Is a 
dicrotic wave height normalized by the pulse pres- 

25 sure; and 

a dicrotic-wave-height after-ejection pressure ratio 
which is a ratio of the dicrotic wave height and the 
after-ejection pressure. 

30 [0042] A still further aspect of the present invention 
provides a blood pressure monitor comprising: 

a band wound around any one of extremities and 
fingers; 

35 a pressure applying section which is installed on a 
inner surface of the band and applies a variable 
pressure around any one of the extremities and fin- 
gers by changing a volume of a fluid included 
therein; 

40 an artery pressing section which Is attached to the 
pressure applying section and locally presses an 
artery of any one of the extremities and fingers; 
a control section which controls a pressing force 
applied to the artery by the artery pressing section 

45 by changing the pressure applied by the pressure 
applying section; 

a pressure sensor which detects a vibration of the 
artery transmitted as a pressure change of the fluid, 
the vibration transmitted to the fluid via the artery 
so pressing section and the pressure applying section; 
and 

a blood pressure determination section which 
determines a maximum blood pressure and a mini- 
mum blood pressure based on various pressing 
55 force values applied by the artery pressing section 
and a signal detected by the pressure sensor at 
each of the pressing force values. 
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[0043] In this blood pressure monitor, the artery 
pressing section installed in the pressure applying sec- 
tion located inside the band locally presses the artery at 
various pressures. The biood pressure determination 
section determines the maximum and minimum pres- 
sures based on the various pressing force values 
applied and the signals detected by the pressure sensor 
at these various pressing force values. Therefore, the 
artery is pressed by the artery pressing section at a suf- 
ficient pressure so that the region in which the pressure 
applying section or the band come into contact may not 
become so large. As a result, a pressure sufficiently 
great as to impart an unpleasant or disagreeable feeling 
to the subject will not be applied. 
[0044] In addition, because the artery pressing sec- 
tion presses the artery only locally, the pressing opera- 
tion will not be interfered with by the sinews or bones 
which may be present close to the artery. Therefore, the 
pressing operation can press the artery with certainty, 
ensuring measurement of the blood pressure more 
accurately than in the conventional method in which the 
artery is directly pressed by a cuff or the like applied to 
the circumference of the extremities or fingers. Thus, 
more accurate blood pressure measurement can be 
ensured. 

[0045] A still further aspect of the present invention 
provides a blood pressure monitor comprising: 

a band wound around any one of extremities and 
fingers having a first artery and a second artery; 
a pressure applying section which is installed on a 
inner surface of the band and applies a variable 
pressing force to the first artery by changing a vol- 
ume of a fluid included therein; 
a second artery pressing section which is attached 
to the pressure applying section and locally presses 
the second artery; 

a control section which controls the pressure 
applied by the pressure applying section; 
a pressure sensor which detects a vibration of the 
artery transmitted as a pressure change of the fluid 
via the pressure applying section; and 
a blood pressure determination section which 
determines a maximum biood pressure and a mini- 
mum blood pressure based on various pressing 
force values applied by the pressure applying sec- 
tion and a signal detected by the pressure sensor at 
each of the pressing force values. 

[0046] Because this blood pressure monitor is 
equipped with the second artery pressing section which 
locally presses the second artery, the monitor can shut 
off the blood flow to the peripheral side from the pressed 
point. Therefore, the signals from the first artery 
detected by the pressure sensor wilt not be affected by 
the pulses due to the blood flowing from the second 
artery via the artery which connect the second and first 
arteries, thereby ensuring more accurate blood pres- 



sure measurement. 

[0047] In addition, because the second artery 
pressing section locally presses the second artery, 
there will be no risk of nerves or the like around the sec- 
5 ond artery being strongly pressed, thus minimizing any 
unpleasant or disagreeable feeling imparted to the sub- 
ject. 

[0048] A stilt further aspect of the present invention 
provides a blood pressure monitor comprising: 

10 

a band wound around any one of extremities and 
fingers having a first artery and a second artery; 
a first artery pressing section which is installed on a 
inner surface of the band and locally applies a vari- 

15 able pressing force to the first artery by changing a 
volume of a fluid included therein; 
a second artery pressing section which is installed 
on a inner surface of the band and locally applies a 
variable pressing force to the second artery by 

20 changing a volume of a fluid included therein; 

a control section which controls the pressing force 
applied by the first artery pressing section; 
a pressure sensor which detects a vibration of the 
artery transmitted as a pressure change of the fluid 

25 via the first artery pressing section; and 

a blood pressure determination section which 
determines a maximum blood pressure and a mini- 
mum blood pressure based on various pressing 
force values applied by the first artery pressing sec- 

30 tion and a signal detected by the pressure sensor at 
each of the pressing force values. 

[0049] In this blood pressure monitor, the first artery 
pressing section installed in the band locally presses 

35 the first artery at various pressures. The blood pressure 
determination section determines the maximum and 
minimum pressures based on the various pressing force 
values applied and the signals detected by the pressure 
sensor at these various pressing force values. Because 

40 the extremities or fingers are not pressed over the entire 
circumference by the first artery pressing section, no 
discomfort or unfavorable feeling will be imparted to the 
subject. 

[0050] In addition, because this blood pressure 
45 monitor is equipped with the second artery pressing 
section which locally presses the second artery, the 
monitor can shut off the blood flow to the peripheral side 
from the pressed point. Therefore, the vibration from the 
first artery detected by the pressure sensor will not be 
50 affected by the pulses due to the blood flowing from the 
second artery via the artery which connect the second 
and first arteries, thereby ensuring more accurate blood 
pressure measurement. 

[0051 ] A still further aspect of the present invention 
55 provides a blood pressure monitor comprising: 

an artery pressing section which presses an artery 
of any one of extremities or fingers at an arbitrarily 
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variable pressing force; 

a control section which controls the pressing force 
applied to the artery by the artery pressing section 
so as to gradually increase the pressing force from 
a predetermined minimum pressing force; s 
a pressure sensor detecting a vibration of the artery 
at a point pressed by the artery pressing section or 
at a point peripheral to the point pressed by the 
artery pressing section; and 

a blood pressure determination section which io 
determines a maximum blood pressure and a mini- 
mum blood pressure based on various pressing 
force values applied by the artery pressing section 
and a signal detected by the pressure sensor at 
each of the pressing force values. is 

[0052] According to this blood pressure monitor, the 
control section controls the pressure applied to the 
artery by the artery pressing section so that this pres- 
sure may be gradually increased from the prescribed 20 
minimum pressure. The blood pressure is measured 
based on the signals detected by the pressure sensor 
and the pressure applied at the point of measurement. 
The blood pressure is determined according to the 
same principle of the auscultation method using this 25 
blood pressure monitor. Specifically, a vibration of blood 
vessel walls due to blood flowing through the blood ves- 
sel constricted by the pressure applied on the peripheral 
side of the artery is monitored while changing the pres- 
sure applied by the artery. The blood pressure Is then 30 
determined from the highest pressure of the artery 
pressing section detected by the vibration sensor which 
detects a vibration of the blood flowing through the con- 
stricted blood vessels as the maximum blood pressure, 
and the lowest pressure of the artery pressing section 35 
detected by the vibration sensor which detects a vibra- 
tion of the blood flowing through the constricted blood 
vessels as the minimum blood pressure. In the blood 
pressure measurement using this blood pressure moni- 
tor, because the pressure applied by the pressure 40 
applying section is gradually increased starting from a 
pressure lower than the conceivable lowest pressure 
(the prescribed minimum value), the pressure measure- 
ment operation is completed when the pressure of the 
artery pressing section becomes almost equivalent to a 45 
pressure corresponding the maximum pressure. There- 
fore, the maximum pressure applied to the artery press- 
ing section can be decreased using this blood pressure 
monitor as compared with conventional blood pressure 
monitors in which a pressure higher than the conceiva- so 
ble maximum pressure is first applied and then gradu- 
ally decreased. As a result, a pressure sufficiently great 
as to impart an unpleasant or disagreeable feeling to 
the subject will not be applied. 

[0053] The above-mentioned blood pressure moni- ss 
tors may further comprise a conversion section which 
converts a signal detected by the pressure sensor into a 
blood pressure waveform based on the maximum blood 



pressure and the minimum blood pressure. 
[0054] In the blood pressure monitor, the blood 
pressure waveforms can be obtained from the conver- 
sion section which converts the signals detected by the 
pressure sensor based on the maximum and minimum 
blood pressure. Therefore, blood pressure waveforms 
can be obtained non-invasively. 
[0055] The above-mentioned blood pressure moni- 
tor may further comprise a blood-pressure-waveform 
processing section which calculates at least one of fol- 
lowing items based on the blood pressure waveform 
obtained by the conversion section: a mean blood pres- 
sure, a pulse pressure which is a difference between the 
maximum blood pressure and the minimum blood pres- 
sure, an after-ejection pressure which is a pressure dif- 
ference between a dicrotic notch and the maximum 
blood pressure, a dicrotic wave height which is a pres- 
sure difference between the dicrotic notch and a dicrotic 
wave peak, an after-ejection pressure ratio which is the 
after-ejection pressure normalized by the pulse pres- 
sure, a dicrotic wave height ratio which is the dicrotic 
wave height normalized by the pulse pressure, and a 
dicrotic wave height after-ejection pressure ratio which 
is a ratio of the dicrotic wave height and the after-ejec- 
tion pressure. 

[0056] In this manner, at least one of the mean 
blood pressure, pulse pressure which is the difference 
between the maximum and minimum blood pressures, 
after-ejection pressure which is the pressure difference 
between a dicrotic notch and the maximum blood pres- 
sure, dicrotic wave height which is the pressure differ- 
ence between the dicrotic notch and the dicrotic wave 
peak, after-ejection pressure ratio which is the after- 
ejection pressure normalized by the pulse pressure, 
and dicrotic wave height after-ejection pressure ratio 
which is a ratio of the dicrotic wave height and the after- 
ejection pressure can be calculated by the blood-pres- 
sure-waveform processing section. 

Brief Description of the Drawings 

[0057] 

Fig. 1 Is an oblique view showing blood pressure 
measurement using the blood pressure monitor of 

one embodiment of the present invention. 

Fig. 2 is a cross-sectional view along the plane B in 

Fig. 1. 

Fig. 3 is a longitudinal sectional view along the line 
C-C in Fig. 2. 

Fig. 4 is a block diagram showing the electric con- 
figuration of the blood pressure monitor of the first 
embodiment. 

Fig. 5 is a longitudinal sectional view showing a 

modification of the first embodiment. 

Fig. 6 is a longitudinal sectional view showing 

another modification of the first embodiment. 

Fig. 7 is a longitudinal sectional view showing still 
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another modification of the first embodiment. 

Fig. 8 is a longitudinal sectional view showing still 

another modification of the first embodiment. 

Fig. 9 Is a perspective view of the modification 

shown In Fig. 8. 5 

Fig. 10 is a longitudinal sectional view showing still 

another modification of the first embodiment. 

Fig. 1 1 is a longitudinal sectional view showing still 

another modification of the first embodiment. 

Fig. 1 2 is a block diagram showing the electric con- w 

figuration of the blood pressure monitor of a second 

embodiment. 

Fig. 13 is a graph showing a typical blood pressure 
waveform. 

Fig. 14 is a cross-sectional view showing blood is 
pressure measurement using the blood pressure 
monitor of a third embodiment of the present inven- 
tion. 

Fig. 15 is a block diagram showing the electric con- 
figuration of the blood pressure monitor of the third 20 
embodiment. 

Fig. 16 is a block diagram showing a modification of 
the electric configuration of the blood pressure 
monitor of the third embodiment. 
Fig. 1 7 is a block diagram showing the electric con- 25 
figuration of the pulse wave detection apparatus of 
a fourth embodiment. 

Fig. 18 is a schematic view showing blood pressure 
measurement using the blood pressure monitor of a 
fifth embodiment worn on the wrist. 
Fig. 1 9 is a block diagram showing the electric con- 
figuration of the blood pressure monitor of the fifth 
embodiment. 

Fig. 20 is a schematic view showing blood pressure 
measurement using the blood pressure monitor of a 
sixth embodiment worn on the wrist. 
Fig. 21 is a schematic view showing blood pressure 
measurement using the blood pressure monitor of a 
seven embodiment worn on the wrist. 
Fig. 22 is a block diagram showing the electric con- 
figuration of the blood pressure monitor of the sev- 
enth embodiment. 

Fig. 23 Is a schematic view showing blood pressure 
measurement using the blood pressure monitor of 
an eighth embodiment worn on the wrist. 
Fig. 24 is a graph schematically showing the rela- 
tionship between the pressure applied by a pres- 
sure applying section and signals detected by a 
pressure sensor. 

Best Mode for Carrying Out the Invention 
[0058] A preferred embodiment of the present 
Invention is specifically described below referring to the 
drawings. 



1 . First embodiment 

1.1 Configuration of blood pressure monitor 

[0059] Fig. 1 is an oblique view showing blood pres- 
sure measurement using the blood pressure monitor 10 
of this embodiment. Fig. 2 is a cross-sectional view 
along the plane B in Fig. 1 . Fig. 3 is a longitudinal sec- 
tional view along the line C-C in Fig. 2. 
[0060] As shown in these figures, the blood pres- 
sure monitor 10 of this embodiment is equipped with a 
mounting mechanism 26 which determines positions for 
a vibration sensor 22, which detects pulses from the 
radial artery 94 in the wrist as sound or vibration, and 
the like, above the radial artery 94. The mounting mech- 
anism 26 has a square configuration with one side open 
and has an upper side 27 capable of sliding up and 
down, driven by a driving mechanism not shown in the 
drawing. The upper side 27 has a slide block 28 on the 
back thereof which is secured movably along the longi- 
tudinal direction of the upper side 27, driven by a driving 
mechanism not shown in the drawing. The mounting 
mechanism 26 is configured so as not to press all 
around the wrist, particularly not to come into contact 
with the ulnar artery 96 in which the many nerve tissues 
are present and which therefore tends to Impart a disa- 
greeable feeling if pressed. 

[0061 ] As shown in Fig. 2 and Fig. 3, under the slide 
block 28 there are provided an artery pressing section 
14, guides 34, and a vibration sensor 22 on the top of a 

sensor pressing section 42. 

[0062] As shown in Fig. 3, the artery pressing sec- 
tion 14 locally presses the radial artery 94 from above 
the radial artery 94 on the proximal side from the vibra- 
tion sensor 22. The pressure applied by the artery 
pressing section 14 is arbitrarily variable. The pressure 
applied by the artery pressing section 1 4 is a pressure 
securely set by feed-back using a pressure sensor 
which is Incorporated as part of the artery pressing sec- 
tion. Blood flow to the peripheral side of the radial artery 
94 can be interrupted or restricted by adjusting the pres- 
sure applied by the artery pressing section 14. 
[0063] The vibration sensor 22 detects mechanical 
vibration or sound on the peripheral side of the artery 
pressing section 14 above the radial artery 94. For 
example, a pressure sensor, acceleration sensor, distor- 
tion sensor, or microphone can be used as the vibration 
sensor 22. It is sufficient for the vibration sensor 22 in 
this embodiment to detect the presence or absence of 
vibration due to pulse. 

[0064] The sensor pressing section 42 is provided 
under the slide block 28 and causes the vibration sensor 
22 secured on the sensor pressing section 42 to press 
the radial artery 94. This pressure can be adjusted by 
controlling the control section 1 8 so that the vibration 
sensor 22 can detect the vibration conveyed from the 
radial artery 94 in an optimum condition. 
[0065] The guides 34 are provided, one on each 



35 



40 



45 



so 



7 



13 



EP1 074 216 A1 



14 



side of the vibration sensor 22 as shown in Fig. 2. The 
vibration sensor 22 is guided along the radial artery 94 
by locating the guides 34 on each side of the radial 
artery 94. 

[0066] Fig. 4 is a block diagram showing the electric 5 
configuration of the blood pressure monitor 10 of this 
embodiment. As shown in this Fig., the blood pressure 
monitor 10 is provided with a control section 18, a blood 
pressure determination section 30, and a notification 
section 62 in addition to the previously described sec- 
tions. These sections may be incorporated in a mount- 
ing mechanism 26, for instance, or may be 
independently formed and electrically connected with 
the mounting mechanism 26, vibration sensor 22, and 
pressing sections 14, 42, etc. 

[0067] The control section 18 controls the pressure 
applied to the radial artery 94 by the artery pressing 
section 14 so that the artery pressing section 14 may 
press the radial artery 94 at various pressures in a pre- 
scribed range. The control section 18 also controls the 
pressure applied to the vibration sensor 22 by the sen- 
sor pressing section 42. The control section 18 further 
controls positioning by the mounting mechanism 26. 
The control section 18 comprises, for example, a CPU 
and a memory which stores a program for operating the 
CPU. 

[0068] The blood pressure determination section 30 
takes information on various pressures applied by the 
artery pressing section 14 from the control section 18, 
and determines the maximum and minimum blood pres- 
sures based on the information regarding the presence 
or absence of detected a vibration or the detected sig- 
nals which are provided by the vibration sensor 22 at 
each of these various pressures. The blood pressure 
determination section 14 comprises, for example, a 
CPU and a memory which stores a program for operat- 
ing the CPU. 

[0069] The notification section 62 may comprise a 
display section which indicates the blood pressure val- 
ues determined by the blood pressure determination 
section 30 as characters, a graph, or the like, such as an 
LCD, CRT, plotter, or printer, for example, or may com- 
prise a sound creation section which indicates the blood 
pressure values by sound, such as a combination of a 
sound synthesizer and a speaker, for example. 1.2 
Operation of blood pressure monitor 
[0070] The blood pressure monitor 10 operates as 
follows, for example, to measure blood pressure. 
[0071] The section to be measured, for example, 
the wrist is placed in the prescribed position so that the 
radial artery 94 of the wrist may be located close to the 
vibration sensor 22 of the mounting mechanism 26 and 
the palmar side of the wrist may face the surface 27 of 
the mounting mechanism 26. 
[0072] Next, the surface 27 of the mounting mecha- 
nism 26 is caused to descend so that the vibration sen- 
sor 22 comes into contact with the wrist. 
[0073] Next, the slide block 28 is moved until the 



vibration sensor 22 and the artery pressing section 14 
come above the radial artery 94. In this instance, these 
sections can be easily positioned by causing the guides 
34 to be located on each side of the radial artery 94 by 
utilizing the engagement due to positioning of the radial 
artery 94 below these sections. 
[0074] The pressure of the sensor pressing section 
42 is adjusted by controlling the control section 18 so 
that the radial artery 94 is pressed in an optimum state 
for the vibration sensor 22 to detect the vibration from 
the radial artery 94. 

[0075] Next, the pressure applied by the artery 
pressing section 14 located over the radial artery 94 is 
changed to various values by the control section 18 
within the range slightly exceeding the commonly 
encountered blood pressure values, for example, in the 
range from 250 to 20 mmHg. 
[0076] In each point pressed by the artery pressing 
section 14. the vibration sensor 22 located on the 
peripheral side of the artery pressing section 14 on the 
radial artery 94 detects a vibration of the blood flow 
which flows through blood vessels constricted by the 
artery pressing section 14. The detected signals are 
monitored. The result for each pressure by the artery 
pressing section 14 is stored in blood pressure determi- 
nation section 30. Each pressing force value applied by 
the artery pressing section 14 is transmitted to the blood 
pressure determination section 30 from the control sec- 
tion 18 which controls the pressing force value. 
[0077] The blood pressure determination section 30 
determines the blood pressure when a sufficient 
number of pressure samples is obtained over the 
above-mentioned range for the artery pressing section 
14. Specifically, the blood pressure determination sec- 
tion 30 determines the highest pressure of the artery 
pressing section 14 detected by the vibration sensor 22 
which detects a vibration of the blood flowing through 
the constricted blood vessels as the maximum blood 
pressure, and the lowest pressure of the artery pressing 
section 14 detected by the vibration sensor 22 which 
detects a vibration of the blood flowing through the con- 
stricted blood vessels as the minimum blood pressure. 
The principle of blood pressure determination is the 
same as in the common auscultation method in which 
the blood pressure Is determined by monitoring the 
vibration of the blood vessel when the blood flows 
through the vessel which is constricted by the pressure 
applied to the brachium on the peripheral side using a 
brachium band while changing the pressure in the bra- 
chium band. 

[0078] The information on the maximum and mini- 
mum blood pressures thus determined is transmitted to 
the notification section 62, and presented by the notifi- 
cation section 62 as a display such as a numerical value 
or a graph, printed characters, or as a voice. 
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1 .3 Modification of the first embodiment 

[0079] 1 ,3.1 As shown in Fig. 5, which corresponds 
to the above-described Fig. 3 and shows a longitudinal 
sectional view of this modified embodiment, the blood s 
pressure monitor 10 of this embodiment may have a 
peripheral side pressing section 38 provided above the 
radial artery 94 on the peripheral side from the vibration 
sensor 22, in addition to the artery pressing section 14 
which is provided above the radial artery 94 on the prox- 
imal side from the vibration sensor 22. The peripheral 
side pressing section 38 presses the radial artery 94 
prior to or simultaneously with the start of blood pres- 
sure measurement to shut off the pulse reversibly con- 
veyed from the radial artery 94 on the peripheral side of 
the vibration sensor 22. Therefore, it is possible to shut 
off pulses conveyed from branches and the like of the 
artery, thus preventing such pulses from affecting the 
blood pressure measurement. As a result, accuracy of 
the blood pressure measurement can be improved. 
[0080] 1 .3.2 As shown in Fig. 6, which corresponds 
to the above-described Fig. 3 and shows a longitudinal 
sectional view of this modified embodiment, the blood 
pressure monitor 1 0 of this embodiment may have the 
artery pressing section 14 provided on the vibration 
sensor 22, which presses the radial artery 94 to enable 
the vibration sensor 22 to detect the vibration transmit- 
ted via the artery pressing section 14. In this case, it is 
unnecessary to provide the sensor pressing section 42 
between the vibration sensor 22 and the slide block 28. 
In addition, the guides 34 have a height almost equiva- 
lent the total lengths of the vibration sensor 22 and the 
sensor pressing section 42, with one guide 34 being 
located on each side of the vibration sensor 22 and the 
artery pressing section 14. According to this modified 
embodiment, the blood pressure can be measured with- 
out causing the oscillatory sensor 22 to directly come 
into contact with the skin above the radial artery. 
[0081] 1.3.3 The mounting mechanism as a posi- 
tioning mechanism is not necessarily the one having the 
above-mentioned structure, but may be of the structure 
shown by the cross section view in Fig. 7, for example. 
This mounting mechanism 64 is provided with two 
frame members 65, two vinculum-shaped members 66 
which connect the frame members 65 so that the dis- 
tance between them may be freely adjusted, and a slid- 
ing block 68 provided on one of the frame members 65 
slidably driven by a drive mechanism which is not 
shown in the figure. The vinculum-shaped members 66 
may be secured to the frame members 65 by screws 67 
to provide an appropriate space between the frame 
members 65. The mounting mechanism 64 is config- 
ured so as not to press all around the wrist, particularly 
not to come into contact with the ulnar artery in which 
many nerve tissues are present and which therefore 
tends to impart a disagreeable feeling if pressed. In the 
same manner as in the previously described embodi- 
ment, a vibration sensor 22, an artery pressing section 



14 (not shown), guides 34, a sensor pressing section 
42, and the like are provided on the slide block 68. The 
mounting mechanism 64 of this structure allows contin- 
uous measurement of the blood pressure while the sub- 
ject is moving because the mounting mechanism 64 is 
portable if attached to the wrist or the like. 
[0082] 1 .3.4 A mounting mechanism as a position- 
ing mechanism may be configured as shown in a cross 
section view in Fig. 8 and a perspective view in Fig. 9. 
This mounting mechanism 110 is provided with two 
frame members 112 and 113 which are flexurally con- 
nected at a joining section 115, a cloth member 117 
which adjusts the ftexural conditions and connects the 
frame members 112 and 113 so as to maintain the 
adjusted flexural conditions, and a slide block 119 pro- 
vided on one of the frame members 112 slidably driven 
by a drive mechanism which is not shown in the figure. 
As shown in Fig. 8, the mounting mechanism 110 is 
configured so as not to press all around the wrist, partic- 
ularly not to come into contact with the ulnar artery in 
which many nerve tissues are present and which there- 
fore tends to impart a disagreeable feeling if pressed. In 
the same manner as in the previously described 
embodiments, a vibration sensor 22, an artery pressing 
section 14 (not shown), guides 34, a sensor pressing 
section 42, and the like are provided on the slide block 
119. The mounting mechanism 110 of this structure 
also allows continuous measurement of blood pressure 
while the subject is moving because the mounting 
mechanism is portable if attached to the wrist or the like. 
[0083] 1.3.5 Furthermore, a mounting mechanism 
as a positioning mechanism may be configured as 
shown in a cross section view in Fig. 10. This mounting 
mechanism 140 is almost the same as those shown in 
Figs. 8 and 9, except that this mounting mechanism has 
no cloth member 1 17 which connects the frame mem- 
bers 1 12 and 1 13. In addition, this mounting mechanism 
140 has an air bag 142, expandable by a gas such as 
air, provided around the frame members 112 and 113, 
and a band 144 which encloses the air bag 142. If air is 
filled in the air bag 142 enclosed by the band 144, the 
air bag provides pressure to the frame members 112 
and 113 which causes these members to bend. This 
mounting mechanism 140 also has a slide block 119 
provided on the frame member 112 slidably driven by a 
drive mechanism which is not shown in the figure. The 
mounting mechanism 140 is configured so as not to 
press all around the wrist, particularly not to come into 
contact with the ulnar artery 96 in which many nerve tis- 
sues are present and which therefore tends to impart a 
disagreeable feeling if pressed. In the same manner as 
in the previously described embodiments, a vibration 
sensor 22, an artery pressing section 14 (not shown), 
guides 34, a sensor press section 42, and the like are 
provided on the slide block 1 1 9. The mounting mecha- 
nism 140 of this structure also allows continuous meas- 
urement of blood pressure while the subject is moving 
because the mounting mechanism is portable if 
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attached to the wrist or the like. 
[0084] 1 .3.6 Moreover, a mounting mechanism as a 
positioning mechanism may be configured as shown in 
a cross section view in Fig. 1 1 . This mounting mecha- 
nism 170 is almost the same as those shown in Figs. 8 
and 9, except that this mounting mechanism has no 
cloth member 1 1 7 which connects the frame members 

112 and 113. The mounting mechanism 170 is further 
provided with a clock-shaped member 172 around the 
circumference of the frame members 112 and 113. The 
clock-shaped member 172 has a main body 174, a belt 
176, and a clamp 178, with the main body 174 being 
secured to the frame member 113. If the clock-shaped 
member 1 72 is fastened by the belt 1 76 and the belt 1 76 
is clamped by the clamp 1 78, the clock-shaped member 
172 can apply pressure to the frame members 112 and 

1 1 3 so as to bend these members. The main body sec- 
tion 174 may house the above-mentioned control sec- 
tion 18, blood pressure determination section 30. 
notification section 62, and the like. The electric wiring 
connecting the main body 1 74 and the vibration sensor 
22, artery pressing section 14, sensor pressing section 
42, and the like which are provided on the slide block 
1 19 is omitted from Fig. 1 1 . This mounting mechanism 
170 also has a slide block 119 provided on one of the 
frame members 112 slidably driven by a drive mecha- 
nism which is not shown in the figure. As shown in Fig. 
11, the mounting mechanism 1 70 is configured so as 
not to press all around the wrist, particularly not to come 
into contact with the ulnar artery in which many nerve 
tissues are present and which therefore tends to impart 
a disagreeable feeling if pressed. In the same manner 
as in the previously described embodiments, a vibration 
sensor 22, an artery pressing section 14 (not shown), 
guides 34, a sensor press section 42. and the like are 
provided on the slide block 1 1 9. The mounting mecha- 
nism 170 of this structure also allows continuous meas- 
urement of blood pressure while the subject is moving 
because the mounting mechanism 64 is portable if 
attached to the wrist or the like. 

[0085] 1 .3.7 In the above-mentioned embodiments, 
the radial artery 94 was taken as an example of artery 
to be pressed by the artery pressing section 14 for 
detection of a vibration using the vibration sensor 22. 
However, the artery pressed by the artery pressing sec- 
tion 14 for detection of a vibration using the vibration 
sensor 22 is not limited to the radial artery, but may be 
any artery in the extremities and fingers such as the 
ulnar artery of the wrist, the palmar finger artery, the 
brachial artery, the popliteal artery, and the like. 

1 .4 Effects of the first embodiment 

[0086] As described above, in the blood pressure 
monitor 10 of the present embodiment, the blood pres- 
sure determination section 30 determines the maximum 
and minimum pressures based on various pressing 
force values applied when the artery pressing sect ion 



1 4 locally presses an artery of the extremities or fingers, 
based on the signals which the vibration sensor detects 
based on a vibration of the blood flowing through blood 
vessels constricted by the artery pressing section 14. 
5 Because the extremities or fingers are not pressed over 
the entire circumference by the artery pressing section 
14, no discomfort or unfavorable feeling will be imparted 
to the subject. 

[0087] In addition, because the blood pressure 
10 monitor 10 of this embodiment is provided with mount- 
ing mechanisms 26, 64, 110, 140, 170 as a positioning 
mechanism, the artery pressing section 14 and the 
vibration sensor 22 can be easily positioned on the 
artery. Moreover, because mounting mechanisms 26, 
15 64, 1 1 0, 1 40, 1 70 are designed so as not to press over 
the entire circumference the extremities or fingers, no 
discomfort or unfavorable feeling will be imparted to the 
subject. 

[0088] Because the blood pressure monitor 10 of 
20 this embodiment is provided with the guides 34 which 
guide the vibration sensor 22 on the artery on each side 
of the artery, it is possible to locate the vibration sensor 
on the artery easily and with certainty. 
[0089] Because the blood pressure monitor 10 is 
25 designed so as to cause the sensor pressing section 42 
of the vibration sensor 22 to press the artery, It is possi- 
ble for the vibration sensor to press the artery at an 
appropriate pressure so that a vibration from the artery 
can be detected with certainty. 

30 

2. Second embodiment 

[0090] The second embodiment differs from the first 
embodiment in that this embodiment uses a pulse wave 

55 sensor Instead of the vibration sensor, is provided with a 
conversion section for converting a pulse wave Into a 
blood pressure waveform, and a blood-pressure- wave- 
form processing section for introducing various indica- 
tors based on the blood pressure waveform, and has a 

40 notification section which can provide not only informa- 
tion on the maximum and minimum blood pressures, but 
also Information on the blood pressure waveform con- 
verted by the conversion section and various indicators 
introduced by the blood-pressure-waveform processing 

45 section. Other features are the same as in the first 
embodiment, so description thereof Is omitted. Corre- 
sponding sections In each figure are indicated by the 
same symbols as in the first embodiment. 



[0091] In the same manner as In the first embodi- 
ment, the blood pressure monitor of this embodiment is 
provided with a mounting mechanism 26 as a position- 
55 ing mechanism, guides 34. an artery pressing section 
14, a peripheral side pressing section 38, a sensor 
pressing section 42, a control section 18, a blood pres- 
sure determination section 30, and a notification section 
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62. 

[0092] Fig. 12 is a block diagram showing the elec- 
tric configuration of the blood pressure monitor 70 of 
this embodiment. As shown in this Fig., the blood pres- 
sure monitor 70 Is provided with a pulse wave sensor 46 
in place of the vibration sensor 22 of the first embodi- 
ment, and further provided with a conversion section 50 
and a blood-pressure-waveform processing section 54. 
[0093] The pulse wave sensor 22 detects not only 
the presence or absence of a pulse wave due to the flow 
of blood, but also pulse waveforms produced by pulse. 
A pressure sensor, acceleration sensor, distortion sen- 
sor, or microphone, for example, can be used as the 
pulse wave sensor 22. 

[0094] The conversion section 50 converts pulse 
waveforms detected by the pulse wave sensor 46 into a 
blood pressure waveform using the information on the 
maximum and minimum blood pressures determined by 
the blood pressure determination section 30. The con- 
version section 50 comprises, for example, a CPU and 
a memory which stores a program for operating the 
CPU. In this manner, the blood pressure monitor obtains 
blood pressure waveforms by converting the pulse 
waveforms detected by the pulse wave sensor 46 
located on the artery into blood pressure waveforms 
based on the maximum and minimum blood pressure 
measured by the blood pressure monitor. Thus, the 
instrument can non-lnvaslvely obtain blood pressure 
waveforms. 

[0095] Fig. 13 Is a graph showing a typical blood 

pressure waveform obtained in this manner. As shown 
in this figure, a blood pressure waveform of the artery 
typically has an ejection wave having a highest peak, a 
tidal wave having a second highest peak, a dicrotic 
wave having a third highest peak, and a dicrotic notch 
which is a valley between the tidal wave and dicrotic 
wave. The peak of the ejection wave corresponds to the 
contraction period blood pressure (maximum blood 
pressure) BPgyg. Diastolic blood pressure (minimum 
blood pressure) BP^ia corresponds to the lowest blood 
pressure in the blood pressure waveform. The differ- 
ence between the contraction period blood pressure 
BPsys arid the diastolic blood pressure BP^ia is called 
pulse pressure ABP. The mean blood pressure BPn^g^ 
Is a temporal average of the blood pressure. 
[0096] Based on the blood pressure waveform 
obtained by the conversion section 50, the blood-pres- 
sure-waveform processing section 54 calculates at least 
one of the following items: a mean blood pressure 
^^mean' ^ pulse pressure ABP which Is the difference 
between the maximum and minimum blood pressures, 
an after-ejection pressure ABPp which is the difference 
between the dicrotic notch and the maximum blood 
pressure, a dicrotic wave height ABPp which is the dif- 
ference between the dicrotic notch and the dicrotic wave 
peak, an after-ejection pressure ratio ABPp/ABP which 
is the after-ejection pressure ABPp normalized by the 
pulse pressure ABP, and a dicrotic wave height after- 



ejection pressure ratio ABPp/ABPp which is a ratio of 
the dicrotic wave height ABPq and the after-ejection 
pressure ABPp. 

[0097] The conversion section 50 and the btood- 
5 pressure-waveform processing section 54 may be 
incorporated in a mounting mechanism 26, for instance, 
or may be independently formed and electrically con- 
nected with the mounting mechanism 26, pulse wave 
sensor 46, and pressing sections 14. 42, etc. 
10 [0098] The notification section 62 provides not only 
the information on the maximum blood pressure BPgys 
and the minimum blood pressure BP^jia, but also the 
Information on blood pressure waveform converted by 
the conversion section 50 and various indicators made 
75 available by the blood-pressure-waveform processing 
section 54, such as a mean blood pressure BP^ean, 
pulse pressure ABP, after-ejection pressure ABPp, 
dicrotic wave height ABPp, after-ejection pressure ratio 
ABPp/ABP, and dicrotic wave height after-ejection pres- 
to sure ratio ABPp/ABPp. 2.2 Operation of blood pressure 
monitor 

[0099] The operation of the blood pressure monitor 
70 of this embodiment is the same as the operation of 
the blood pressure monitor 10 of the first embodiment 

25 up to the point where the blood pressure determination 
section determines the blood pressure. After determina- 
tion of the blood pressure by the blood pressure deter- 
mination section 30, the blood pressure monitor 70 
which is provided with a pulse wave sensor 46 In place 

30 of the vibration sensor 22 Is operated as follows. 

[0100] The information on the maximum and mini- 
mum blood pressures determined by the blood pressure 
determination section 30 and the information on the 
pulse waveforms detected by the pulse wave sensor 46 

35 are input into the conversion section 50. 

[01 01 ] Next, the conversion section 50 converts the 
pulse waveforms detected by the pulse wave sensor 46 
using the information on the maximum and minimum 
blood pressures determined by the blood pressure 

40 determination section 30. (See Fig. 13) 

[0102] Then, the information on the blood pressure 
waveform obtained by the conversion section 50 is input 
into the blood-pressure-waveform processing section 
54. Based on the blood pressure waveform obtained by 

45 the conversion section 50, the blood-pressure-wave- 
form processing section 54 calculates at least any one 
of the following items: a mean blood pressure BP^ean* ^ 
pulse pressure ABP which is the difference between the 
maximum blood pressure BP^yg and the minimum blood 

50 pressure BP^ia. an after-ejection pressure ABPp which 
is the pressure difference between the dicrotic notch 
and the maximum blood pressure, a dicrotic wave 
height ABPq which is the pressure difference between 
the dicrotic notch and the dicrotic wave peak, an after- 

55 ejection pressure ratio ABPp/ABP which is the after- 
ejection pressure ABPp normalized by the pulse pres- 
sure ABP, and a dicrotic wave height after-ejection pres- 
sure ratio ABPp/ABPp which is a ratio of the dicrotic 
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wave height ABPq and the after-ejection pressure 
ABPp. 

[01 03] The information on the blood pressure deter- 
mined by the blood pressure determination section 30, 
information on the blood pressure waveform converted 5 
by the conversion section 50, information on various 
indicators made available by the blood-pressure-wave- 
form processing section 54, and the like are input to the 
notification section 62. The notification section 62 
presents the information as a display such as a numeri- io 
cal value or a graph, printed characters, or as a voice. 

2.3 Modification of the second embodiment 

[0104] The modification described for the first is 
embodiment can be applied also to the second embod- 
iment. 

2.4 Effects of the second embodiment 

20 

[0105] As mentioned above, in the blood pressure 
monitor 70 of this embodiment the conversion section 
converts the pulse waveforms obtained from the pulse 
wave sensor 46 located on the artery into blood pres- 
sure waveforms based on the maximum and minimum 25 
blood pressures which are non-invasively measured by 
the blood pressure monitor 70. Therefore, blood pres- 
sure waveforms can be obtained non-invasively. 
[01 06] In addition, the blood pressure monitor 70 of 
this embodiment can cause the blood-pressure-wave- 30 
form processing section 54 to make available at least 
one of the following items: a mean blood pressure 
BPmeant ^ P^^se pressure ABP which Is the difference 
between the maximum and minimum blood pressures, 
an after-ejection pressure ABPp which is the pressure 35 
difference between the dicrotic notch and the maximum 
blood pressure, a dicrotic wave ABPq which is the pres- 
sure difference between the dicrotic notch and the 
dicrotic wave peak, an after-ejection pressure ratio 
ABPp/ABP which is the after-ejection pressure ABPp 40 
normalized by the pulse pressure ABP, and a dicrotic 
wave height after-ejection pressure ratio ABPp/ABPp 
which is a ratio of the dicrotic wave height ABPp and the 
after-ejection pressure ABPp. 

45 

3. Third embodiment 

[0107] The third embodiment differs from the first 
embodiment in that the former blood pressure monitor is 
provided with a second artery pressing section. Other so 
features are the same as in the first embodiment, so 
description thereof is omitted. Corresponding sections 
in each figure are indicated by the same symbols as in 
the first embodiment. 

55 

3.1 Configuration of blood pressure monitor 

[01 08] In the same manner as In the blood pressure 



monitor 10 of the first embodiment, the blood pressure 
monitor 76 of this embodiment is provided with a mount- 
ing mechanisms 26 as a positioning mechanism, guides 
34, an artery pressing section 14 as a first artery press- 
ing section, a sensor pressing section 42, a control sec- 
tion 1 8, a blood pressure determination section 30, and 
a notification section 62. 

[0109] Fig. 14. which corresponds to Fig. 2 for the 

first emtK)diment, is a cross section view showing blood 
pressure measurement using the blood pressure moni- 
tor 76 of this embodiment. Fig. 1 5 is a block diagram 
showing the electric configuration of the blood pressure 
monitor 76 of this embodiment. As shown in this figure, 
the blood pressure monitor 76 of this embodiment is 
provided with a second artery pressing section 80 which 
presses the ulnar artery 96 as a second artery. 
[0110] The second artery pressing section 80 is 
formed on the second slide block 78 which can slide 
along the back of the surface 27 of the mounting mech- 
anism 26. When measuring the blood pressure, the sec- 
ond artery pressing section 80 presses the ulnar artery 
96, which is the second artery in the wrist, with the con- 
trolling action of the control section 18, thereby inter- 
rupting with blood flow to the peripheral side. 

3.2 Operation of blood pressure monitor 

[0111] Operation of the blood pressure monitor 76 
of this embodiment differs from that of the first embodi- 
ment in that the former requires additional procedure for 

operating the second artery pressing section 80 which 
presses the ulnar artery 96 when measuring the blood 
pressure. 

[0112] Specifically, a slide block 78 on which the 
second artery pressing section 80 is provided is moved 
so as to position the second artery pressing section 80 
on the ulnar artery upper 94 in almost the same timing 
as in the operation described in connection with the first 
embodiment, in which the slide block 28, on which the 
vibration sensor 22, artery pressing section 14, and 
guides 34 are provided, is positioned on the radial 
artery 94. Then, the second artery pressing section 80 
presses the ulnar artery 96 with the controlling action of 
the control section 18, whereby blood flow to the periph- 
eral side is interrupted. The blood pressure is measured 
at the time of, or after, the interruption of blood flow to 
the peripheral side by such pressure application to the 
ulnar artery 96 by the second artery pressing section 
80. 

[0113] Except for the above-mentioned operation, 
the operation of the blood pressure monitor 76 of this 
embodiment is the same as the operation of the blood 
pressure monitor 10 of the first embodiment. 

3.3 Modification of the third embodiment 

[0114] The modification described for the first 
embodiment can be applied also to the third embodi- 
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ment. In addition, the following modification is possible 
in this embodiment. 

[0115] 3.3.1 Similar to the differences between the 
first and second embodiments, the modified blood pres- 
sure monitor 82 which differs from the above-described 
embodiment in that this modified embodiment uses a 
pulse wave sensor 46 instead of the vibration sensor 22, 
is provided with a conversion section 50 for converting a 
pulse waveform into a blood pressure waveform and a 
blood-pressure-waveform processing section 54 for 
introducing various indicators mentioned in the second 
embodiment based on the blood pressure waveform, 
and has a notification section 62 which can provide not 
only the information on the maximum and minimum 
blood pressures, but also information on the blood pres- 
sure waveform converted by the conversion section 50 
and various indicators introduced by the blood-pres- 
sure-waveform processing section 54. Fig. 16 is a block 
diagram showing the electric configuration of the blood 
pressure monitor 82. The operation of the blood pres- 
sure monitor 82 is the same as the operation of the 
blood pressure monitor 70 of the second embodiment, 
except for the addition of the operation for the above* 
mentioned second artery pressing section 80. There* 
fore, in the blood pressure monitor 82 the conversion 
section 50 converts the pulse waveforms obtained from 
the pulse wave sensor 46 located on the artery into 
blood pressure waveforms based on the maximum and 
minimum blood pressures which are non-invasively 
measured by the blood pressure monitor 82. Therefore, 
blood pressure waveforms can be obtained non-inva- 
sively by the blood pressure monitor 82. 
[0116] 3.3.2 Although the above embodiment 
describes an example of the wrist wherein the first 
artery is the radial artery 94 and the second artery is the 
ulnar artery 96, the first artery of which the vibration is 
detected by the vibration sensor may be the ulnar artery 
94 and the second artery of which the blood flow is 
interrupted by pressing the second artery pressing sec- 
tion 80 may be the radial artery. 
[0117] It is also possible to apply this embodiment 
to fingers, in which case the first artery may be one of 
the palmar digital artery and the second artery the other 
palmar digital artery, for example. In this instance, a 
vibration in one of the palmar digital artery is detected 
by the vibration sensor 22, while the blood flow is inter- 
rupted by pressing the other palmar digital artery using 
the second artery pressing section 80. In this case, the 
upper side of the mounting mechanism 26 should be 
configured as a circle so that the vibration sensor 22 
and the second artery pressing section 80 may press 
the finger from opposite sides. 

3.4 Effects of the third embodiment 

[0118] AS described above, because the blood 
pressure monitors 76,82 of this embodiment are pro- 
vided with the second artery pressing section 80 which 



locally presses the ulnar artery 96, the effect of pulse 
produced by blood flow from the ulnar artery on detec- 
tion by the vibration sensor 22 or pulse wave sensor 46 
can be prevented. As a result, accuracy of the blood 
5 pressure measurement can be improved. 

4. Fourth embodiment 

[0119] The pulse wave detection apparatus of the 
10 fourth embodiment differs from the first embodiment in 
that the former is equipped with a pulse wave sensor in 
place of a vibration sensor, has no blood pressure 
determination section, and has a waveform processor. 
Other features are the same as in the first embodiment, 
15 so description thereof is omitted. Corresponding sec- 
tions in each figure are indicated by the same symbols 
as in the first embodiment. 

4.1 Configuration of pulse wave detection apparatus 

20 

[0120] In the same manner as in the first embodi- 
ment, the pulse wave detection apparatus 84 of this 
embodiment is provided with a mounting mechanism 26 
as a positioning mechanism, guides 34, an artery 
25 pressing section 14, a sensor pressing section 42, a 
control section 18, and a notification section 62. The 
external appearance may be the same as the first 
embodiment. 

[01 21 ] Fig. 1 7 is a block diagram showing the elec- 
30 trie configuration of the pulse wave detection apparatus 
84 of this embodiment. As shown in this figure, the elec- 
tric configuration of the pulse wave detection apparatus 
84 of this embodiment differs from that of the blood 
pressure monitor 1 0 of the first embodiment shown in 
35 Fig. 4 in that the former is provided with a pulse wave 
sensor 46 in place of the vibration sensor 22, has no 
blood pressure determination section 30, and has a 
waveform processor 86. 

[0122] The pulse wave sensor 46 detects not only 

40 the presence or absence of a pulse wave due to the flow 
of blood, but also pulse waveforms produced by pulse. 
A pressure sensor, acceleration sensor, distortion sen- 
sor, or microphone, for example, can be used as the 
pulse wave sensor 46. 

45 [0123] Based on the pulse waveform detected by 
the pulse wave detection apparatus 46, the waveform 
processor 86 calculates the indicators showing pulse 
waveform characteristics, such as an after-ejection 
pressure ratio ABPp/ABP which is the ratio of the dicro- 

50 tic wave height ABPq (the pressure difference between 
the dicrotic notch blood pressure and the maximum 
blood pressure) and the pulse pressure ABP (the differ- 
ence between the maximum and minimum blood pres- 
sures), a dicrotic notch difference ratio BPqjj/ABP which 

55 is the ratio of the dicrotic notch difference BPod (the dif- 
ference between the dicrotic notch pressure and the 
minimum blood pressure) and the pulse pressure ABP 
(the difference between the maximum and minimum 
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blood pressures), a mean blood pressure pulse pres- 
sure ratio BP^ear/ABP which is the ratio of the mean 
blood pressure BPrnean the pulse pressure ABP 
(the difference between the maximum and minimum 
blood pressures), a dicrotic wave height ratio ABPo/ABP 
which is the dicrotic wave height ABPp normalized by 
the pulse pressure ABP, and a dicrotic wave height 
after-ejection pressure ratio ABPp/ABPp which Is the 
ratio of the dicrotic wave height ABP^ and the after-ejec- 
tion pressure ABPp. (See Fig. 13) 
[01 24] The notification section 62 provides informa- 
tion on pulse waveforms detected by the pulse wave 
sensor 46 or various indices made available by the 
waveform processor 86, such as an after-ejection pres- 
sure ratio ABPp/ABP, a dicrotic notch difference ratio 
BPod/ABP, a mean blood pressure pulse pressure ratio 
BPmear/ABP, a dicrotic wave height ratio ABPq/ABP, and 
a dicrotic wave height after-ejection pressure ratio 
ABPo/ABPp, for example, 

4.2 Operation of pulse wave detection apparatus 

[0125] The pulse wave detection apparatus 84 
operates as follows, for example, to detect pulses. 
[0126] The section to be measured, for example, 

the wrist is placed in the prescribed position so that the 
radial artery 94 of the wrist may be located close to the 
pulse sensor 46 of the mounting mechanism and the 
palmar side of the wrist may face the surface 27 of the 
mounting mechanism 26. 

[01 27] Next, the surface 27 of the mounting mecha- 
nism 26 is caused to descend so that the pulse sensor 
46 comes into contact with the wrist. 
[0128] Next, the slide block 28 is moved until the 
pulse sensor 46 and the artery pressing section 14 
come above the radial artery 94. In this Instance, these 
sections can be easily positioned by causing the guides 
34 to be located on each side of the radial artery 94. 
[01 29] The pressure of the sensor pressing section 
42 is adjusted by controlling the control section 18 so 
that the radial artery 94 is pressed In an optimum state 
for the pulse sensor 46 to detect the pulse from the 
radial artery 94. 

[0130] Next, the pressure applied by the artery 
pressing section 14 located on the radial artery 94 is 
changed to various values by the control section 18 
within the range slightly exceeding the commonly 
encountered blood pressure values, for example, in the 
range from 200 to 30 mmHg, whereupon a pressure 
enabling the pulse wave sensor 46 to detect an opti- 
mum waveform pattern is selected. 
[0131] The detected information on pulse wave- 
forms is input into the waveform processor 86, where 
the information is processed into various indices char- 
acteristic to pulse waveform patterns, such as pulses, 
an after-ejection pressure ratio ABPp/ABP, a dicrotic 
notch difference ratio BPdc/ABP. a mean blood pressure 
pulse pressure ratio BP,ng3^ABP, a dicrotic wave height 



ratio ABP^/ABP, and a dicrotic wave height after-ejec- 
tion pressure ratio ABPo/ABPp, for example. 
[0132] The information on pulse waveforms 
detected by the pulse wave sensor 46 and information 

5 on various indices made available by the waveform 
processor 86 are input to the notification section 62. The 
notification section 62 presents the information such as 
a pulse waveform, pulse, dicrotic notch difference pres- 
sure ratio, and mean blood pressure pulse pressure 

10 ratio, as a display such as a numerical value or a graph, 
printed characters, or as a voice. 

4.3 Modification of the fourth embodiment 

15 [0133] The modification described for the first 
embodiment can be applied also to the fourth embodi- 
ment. 

4.4 Effects of the fourth embodiment 

20 

[0134] In this pulse wave detection apparatus 84, 
the pulse wave sensor 46 detects pulse waves at the 
point of the artery pressing section 14 or on the periph- 
eral side based on variable pressing force values 

25 applied when the artery pressing section 14 locally 
presses the artery of the extremities or fingers. There- 
fore, pulse waves at various pressures applied by the 
artery pressing section 14 can be detected. 
[0135] In addition, because the pulse wave detec- 

30 tion apparatus 84 of this embodiment is provided with a 
mounting mechanisms 26 as a positioning mechanism, 
the artery pressing section 14 and the pulse wave sen- 
sor 46 can be easily positioned on the artery. 
[0136] Because the pulse wave detection appara- 

35 tus 84 of this embodiment is provided with guides which 
guide the pulse wave sensor on the artery on each side 
of the artery, it is possible to locate the pulse wave sen- 
sor 46 on the artery easily and with certainty. 
[0137] Because the pulse wave detection appara- 

40 tus 84 is designed so as to cause the sensor pressing 
section 42 of the pulse wave sensor 46 to press the 
artery, it is possible for the pulse wave sensor to press 
the artery at an appropriate pressure so that pulse wave 
from the artery can be detected with certainty. 

45 

5. Fifth embodiment 

5.1 Configuration of blood pressure monitor 

50 [0138] Fig. 18 is a schematic view showing blood 
pressure measurement using the blood pressure moni- 
tor 120 of this embodiment worn on the wrist. As shown 
in this figure, the blood pressure monitor 120 of this 
embodiment is designed so that the blood pressure can 

55 be measured with a cuff-like band 122 wound around 
the wrist. The band 122 is provided with a pressure 
applying section 1 24 in the shape of a bag and an artery 
pressing section 126 protruding from the pressure 
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applying section 124 in the inner side thereof, and is 
wound around the wrist so that the artery pressing sec- 
tion 126 may be located on the point corresponding to 
the radial artery 94. The artery pressing section 126 is 
designed so as to locally press the radial artery 94 to 5 
substantially shut off or restrict blood flow therein. 
[01 39] The pressure applying section 1 24 is formed 
in the shape of a bag to which a pump 133 and an 
exhaust valve 1 34 are connected via a tube 1 32. The 
volume of the pressure addition member 124 is control- 
led by adjusting the amount of the fluid, air, for example, 
filled in the pressure applying section 124 by using the 
pump 133 or the exhaust valve 134, whereby the pres- 
sure applied to the radial artery 94 by the artery press- 
ing section 1 26 can be controlled. The pressure addition 
member 124 is of a sufficient size to be located on both 
the radial artery 94 and ulnar artery 96 at the same 
time. 

[0140] The tube 132 is equipped with a pressure 
sensor 130 which detects the pressure change of the 
fluid. The pressure sensor 130 can detect a vibration of 
the radial artery 94, which is conveyed as a fluid pres- 
sure change via the artery pressing section 1 26 and the 
pressure applying section 124. Specifically, because 
the artery pressing section 1 26 located above the radial 
artery 94 is dislocated corresponding to the vibration of 
the radial artery 94 and presses the pressure applying 
section 124 according to the dislocation, the fluid pres- 
sure In the pressure applying section 124 changes 
according to the vibration of the radial artery 94. 
Accordingly, the pressure sensor 130 which detects 
such a pressure change can output signals correspond- 
ing to the vibration of the radial artery 94. 
[0141] Fig. 19 is a block diagram showing the elec- 
tric configuration of the blood pressure monitor 120 of 
this embodiment. As shown in this figure, the blood 
pressure monitor 120 is provided with a control section 
128, a blood pressure determination section 136, and a 
notification section 62 in addition to the previously 
described sections. 

[01 42] The control section 1 28 controls operation of 
the pump 133 and the exhaust valve 132 so that the 
amount of fluid filled in the pressure applying section 
124 can be adjusted so as to change the pressure 
applied by pressure applying section 124. In this man- 
ner, the pressure applied to the radial artery 94 by the 
artery pressing section 126 can be varied within the pre- 
scribed range. The control section 128 comprises, for 
example, a CPU and a memory which stores a program 
for operating the CPU. 

[0143] The blood pressure determination section 
136 takes information on various pressures applied by 
the artery pressing section 126 from the control section 
1 28. and determines the maximum and minimum blood 
pressures based on the signals detected by the pres- 
sure sensor 130 at each of these various pressures. 
The blood pressure determination section 136 com- 
prises, for example, a CPU and a memory which stores 



a program for operating the CPU. 
[0144] The notification section 62 may comprise a 
display section which indicates the blood pressure val- 
ues determined by the blood pressure determination 
section 136 as characters, a graph, or the like, such as 
an LCD, CRT, plotter, or printer, for example, or may 
comprise a sound creation section which indicates the 
blood pressure values by sound, such as a combination 
of a sound synthesizer and a speaker, for example. 

5.2 Operation of blood pressure monitor 

[01 45] The blood pressure monitor 1 20 operates as 
follows, for example, to measure blood pressure. 
[0146] A cuff-like band 122 is wound around the 
wrist so that the artery pressing section 1 26 comes to a 
point corresponding to the radial artery 94. 
[01 47] The control section 1 28 controls operation of 
the pump 133 and the exhaust valve 134 so that the 
amount of fluid filled into the pressure applying section 
124 can be adjusted so as to change the pressure 
applied by the pressure applying section 124. In this 
manner, the pressure applied to the radial artery 94 by 
the artery pressing section 126 can be varied within the 
prescribed range. Specifically, the pressure applied by 
the artery pressing section 126 is controlled by the con- 
trol section 1 28 to a range slightly higher than the com- 
monly encountered blood pressure, for example, in the 
range of 250 to 20 mmHg. 

[01 48] In each point pressed by the artery pressing 
section 126, the pressure sensor 130 which detects a 
vibration of the radial artery 94 detects signals corre- 
sponding to the vibration of the blood vessel walls due 
to the blood which flows through blood vessels con- 
stricted by the artery pressing section 126. The result 
for each pressure by the artery pressing section 126 is 
stored in the blood pressure determination section 136, 
Each pressing force value applied by the artery press- 
ing section 126 is transmitted to the blood pressure 
determination section 136 from the control section 128 
which controls the pressing force value. 
[0149] In the same manner as in the first embodi- 
ment, the blood pressure determination section 136 
determines the blood pressure when a sufficient 
number of pressure samples is obtained over the 
above-mentioned range for the artery pressing section 
126. 

[0150] The information on the maximum and mini- 
mum blood pressures thus determined is transmitted to 
the notification section 62. and presented by the notifi- 
cation section 62 as a display such as a numerical value 
or a graph, printed characters, or as a voice. 

5.3 Modification of the fifth embodiment 

[0151] 5.3.1 In the above description, air was given 
as an example of the fluid filled into the pressure apply- 
ing section 124. The fluid filled into the pressure apply- 
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ing section 124, however, may be other gases such as 
oxygen, nitrogen, helium, and argon, or may be a liquid 
such as water, mercury, alcohol, or oil. When a fluid 
other than air is used, a reservoir for storing such a fluid 
is necessary. 

[0152] 5.3.2 In the above embodiments, the radial 
artery 94 was taken as an example of artery to be 
pressed by the artery pressing section 1 26 for detection 
of pulse using the pressure sensor 130. However, the 
artery pressed by the artery pressing section 1 26 for 
detection of a vibration using the pressure sensor 1 30 is 
not limited to the radial artery, but may be any artery in 
the extremities and fingers such as the ulnar artery of 
the wrist, palmar finger artery, brachial artery, popliteal 
artery, and the like. 

[01 53] 5.3.3 As shown in Fig. 1 9 in broken lines, the 
blood pressure monitor 120 may further comprise a 
conversion section 50 and a blood-pressure-waveform 
processing section 54. 

[01 54] The conversion section 50 converts signals 
detected by the pressure sensor 130 into a blood pres- 
sure waveform using the information on the maximum 
and minimum blood pressures determined by the blood 
pressure determination section 136. In the detection of 
signals used in this conversion by the pressure sensor 
130, it is desirable that a pressure suitable for obtaining 
a signal waveform close to the blood pressure waveform 
from the pressure sensor 130 be applied to the artery 
pressing section 126 and pressure applying section 
124. specifically, it is desirable that the control section 
128 control the pump 133 and the exhaust valve 134 so 
that such a pressure may be applied to the artery press- 
ing section 126 and pressure applying section 124. In 
this manner, the blood pressure monitor 120 can obtain 
blood pressure waveforms non-invasively. The conver- 
sion section 50 comprises, for example, a CPU and a 
memory which stores a program for operating the CPU. 
Using this conversion section 50, the blood pressure 
monitor 120 can obtain blood pressure waveforms of 
the artery shown in Fig. 13. for example. General mat- 
ters on the blood pressure waveform in the artery have 
been described in connection with the second embodi- 
ment in reference to Fig. 13. 

[0155] Based on the blood pressure waveform 
obtained by the conversion section 50. the blood-pres- 
sure-waveform processing section 54 calculates at least 
one of the following items: a mean blood pressure 
BP^iean* ^ pulse pressure ABP which is the difference 
between the maximum and minimum blood pressures, 
an after-ejection pressure ABPp which is the pressure 
difference between the dicrotic notch and the maximum 
blood pressure, a dicrotic wave height ABPq which is 
the pressure difference between the dicrotic notch and 
the dicrotic wave peak, an after-ejection pressure ratio 
ABPp/ABP which is the after-ejection pressure ABPp 
normalized by the pulse pressure ABP, and a dicrotic 
wave height after-ejection pressure ratio ABPp/ABPp 
which is a ratio of the dicrotic wave height ABPq and the 



after-ejection pressure ABPp. 

[0156] Data concerning blood pressure waveforms 
in the artery obtained by the conversion section 50 and 
the above-mentioned various indices on blood pressure 
5 waveforms obtained by the blood-pressure-waveform 
processing section 54 are transmitted to the notification 
section 62, and presented by the notification section 62 
as a display such as a numerical value or a graph, 
printed characters, or as a voice. 

10 

5.4 Effects of the fifth embodiment 

[0157] In the blood pressure monitor 120 of this 
embodiment, the artery pressing section 126 installed 

15 in the pressure applying section 124 located inside the 
band 122 locally presses the artery at various pres- 
sures. The blood pressure determination section 136 
determines the maximum and minimum pressures 
based on the various pressing force values applied and 

20 the signals detected by the pressure sensor 130 at 
these various pressing force values. Therefore, the 
artery is pressed by the artery pressing section 1 26 at a 
sufficient pressure so that the region in which the pres- 
sure applying section 124 or the band 122 come into 

25 contact may not become so large. As a result, a pres- 
sure so great as to impart an unpleasant or disagreea- 
ble feeling to the subject will not be applied. 
[01 58] In addition, because the artery pressing sec- 
tion 126 only locally presses the artery, the pressing 

30 operation will not be interfered with by the sinews or 
bones which may be present close to the artery. There- 
fore, the pressing operation can press the artery with 
certainty, ensuring measurement of the blood pressure 
more accurately than in the conventional method in 

35 which the artery is directly pressed by a cuff or the like 
applied to the circumference of the extremities or fin- 
gers. Thus, more accurate blood pressure measure- 
ment can be ensured. 

[01 59] In addition, the use of the band 1 22 similar to 
40 cuffs commonly used for blood pressure measurement 
and the pressure applying section 124 allows the blood 
pressure monitor 120 of this embodiment to be 
designed as a comparatively small instrument. 

45 6. Sixth embodiment 

[0160] The blood pressure monitor of the sixth 
embodiment is almost the same as that of the fifth 
embodiment, except that the former is a blood pressure 

50 monitor for use on the section in which the major arter- 
ies which are the first and second arteries exist compar- 
atively near the skin, wherein the pressure applying 
section applies a pressure directly to the first artery and 
the pressure sensor detects the vibration of the first 

55 artery conveyed through the pressure applying section 
as a pressure change. Another difference is that the 
pressure applying section is equipped with a second 
artery pressing section which presses the second 
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artery to substantially shut off the blood flow. Other fea- 
tures are the same as in the fifth embodiment, so 
description thereof is omitted. Corresponding sections 
in each figure are indicated by the same symbols as in 
the first embodiment. 5 

6.1 configuration of b!ood pressure monitor 

[0161] Fig. 20 is a schematic view showing blood 
pressure measurement using a blood pressure monitor 
150 of this embodiment worn on the wrist. As shown in 
the figure, the blood pressure monitor 150 of this 
embodiment is provided with a second artery pressing 
section 152 projecting from the pressure applying sec- 
tion 1 24 and is wound around the wrist so that the sec- 
ond artery pressing section 152 may be located on the 
point corresponding to the ulnar artery 96 as the second 
artery. The second artery pressing section 152 is 
designed so as to locally press the ulnar artery 96 to 
substantially shut off or restrict blood flow therein. In 
addition, the pressure applying section 124 directly con- 
tacts and presses the skin above the. radial artery 94 as 
the first artery. 

[01 62] The pressure sensor 1 30 can detect a vibra- 
tion of the radial artery 94 which is conveyed as a fluid 
pressure change via the pressure applying section 124. 
Specifically, because the pressure applying section 124 
located above the radial artery 94 applies pressure 
according to the vibration of the radial artery 94, the 
fluid pressure in the pressure applying section 124 
changes according to the vibration of the radial artery 
94. Accordingly, the pressure sensor 130 which detects 
such a pressure change can output signals correspond- 
ing to the vibration of the radial artery 94. When the 
pressure sensor 130 detects a vibration from the radial 
artery 94, the second artery pressing section 152 
presses the ulnar artery 96 to substantially shut off the 
blood flow therein. 

[0163] The electric configuration of the blood pres- 
sure monitor 1 20 of this embodiment is the same as that 
of the fifth embodiment shown as a block diagram in Fig. 
19. The control section 128 controls operation of the 
pump 133 and the exhaust valve 132 so that the amount 
of the fluid filled into the pressure applying section 124 
can be adjusted so as to vary the pressure applied to 
the radial artery 94 within the prescribed range. 

6.2 Operation of blood pressure monitor 

[01 64] The blood pressure monitor 1 20 operates as 
follows, for example, to measure blood pressure. 
[0165] A cuff-like band 122 is wound around the 
wrist so that the second artery pressing section 152 
comes to a point corresponding to the ulnar artery 96. 
[01 66] The control section 1 28 controls operation of 
the pump 133 and the exhaust valve 134 so that the 
amount of fluid filled into the pressure applying section 
124 can be adjusted so as to change the pressure 



applied by the pressure applying section 124. In this 
manner, the pressure applied to the radial artery 94 by 
the pressure applying section 124 can be varied within 
the prescribed range. Specifically, the pressure applied 
by the pressure applying section 1 24 is controlled by the 
control section 128 to a range slightly higher than the 
commonly encountered blood pressure, for example, in 
the range of 250 to 20 mmHg. In this pressure range, 
the second artery pressing section 1 52 installed in the 
pressure applying section 124 presses the ulnar artery 
96 to substantially shut off the blood flow therein. 
[01 67] In each point pressed by the pressure apply- 
ing section 124, the pressure sensor 130 which detects 
a vibration of the radial artery 94 detects signals corre- 
sponding to the vibration of the blood vessel walls due 
to the blood which flows through blood vessels con- 
stricted by the pressure of the pressure applying section 
124. The result for each pressure by the pressure apply- 
ing section 124 is stored in blood pressure determina- 
tion section 136. Each pressing force value applied by 
the pressure applying section 124 is transmitted to the 
blood pressure determination section 136 from the con- 
trol section 128 which controls the pressing force value. 
[0168] In the same manner as in the first embodi- 
ment, the blood pressure determination section 136 
determines the blood pressure when a sufficient 
number of pressure samples is obtained over the 
above-mentioned range for the pressure applying sec- 
tion 124. TTie result is reported by the notification sec- 
tion 62. 

6.3 Modification of the sixth embodiment 

[0169] 6.3.1 In the above embodiments, the radial 
artery 94 was taken as an example of the first artery to 
be pressed by the artery pressing section 1 24 for detec- 
tion of a vibration using the pressure sensor 130, and 
the ulnar artery 96 as an example of the second artery 
to be pressed by the second artery pressing section 
152. However, the first artery which is pressed by the 
artery pressing section 124 for detection of a vibration 
using the pressure sensor 130 may be the ulnar artery 
96, and the second artery which is pressed by the sec- 
ond artery pressing section 152 may be the radial artery 
94. Furthermore, in measuring blood pressure at any 
other portion of the extremities or fingers in which two 
arteries flow comparatively close to the skin, it is possi- 
ble to modify the blood pressure monitor 150 so that 
either one of the two arteries as the first artery may be 
pressed by the artery pressing section 124 for detection 
of a vibration using the pressure sensor 130. and the 
other artery may be pressed by the second artery 
pressing section 152. 

[01 70] 6.3.2 The modification described for the fifth 
embodiment can be applied also to this embodiment. 
[0171] 6.3.3 As described in 5.3.3 relating to the 
modification for the fifth embodiment, the blood pres- 
sure monitor 150 of this embodiment may further com- 
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prise a conversion section 50 and a blood-pressure- 
waveform processing section 54. 

6.4 Effects of the sixth embodiment 

[0172] Because this blood pressure monitor 150 is 
equipped with the second artery pressing section 152 
which locally presses the second artery, the blood pres- 
sure monitor can substantially shut off the blood flow to 
the peripheral side from the pressed point. Therefore, 
the signals from the first artery detected by the pressure 
sensor 130 will not be affected by the pulses due to the 
blood flowing from the second artery via the artery 
which connect the second and first arteries, thereby 
ensuring more accurate blood pressure measurement. 
[0173] In the blood pressure monitor 150 of this 
embodiment, because the second artery pressing sec- 
tion 152 locally presses the second artery, there will be 
no risk of nerves or the like around the second artery 
being strongly pressed, thus minimizing any unpleasant 
or disagreeable feeling imparted to the subject. 
[0174] In addition, the use of the band 122 similar to 
cuffs commonly used for blood pressure measurement 
and the pressure applying section 124 allows the blood 
pressure monitor 150 of this embodiment to be 
designed as a comparatively small instrument. 

7. Seventh embodiment 

[0175] The blood pressure monitor of the seventh 

embodiment is almost the same as that of the fifth 
embodiment, except that the former is a blood pressure 
monitor for use in the section in which the two major 
arteries which are the first and second arteries exist 
comparatively near the skin. Thus, the blood pressure 
monitor of this embodiment differs from that of the fifth 
embodiment in that the former has no pressure applying 
section of a size covering the first and second arteries, 
is provided with first and second artery pressing sec- 
tions which press the arteries by expansion of the fluid 
enclosed therein, and provided with a tube equipped 
with a valve which allows the tube to be connected only 
with the second artery pressing section. Other features 
are the same as in the fifth embodiment, so description 
thereof is omitted. Corresponding sections in each fig- 
ure are indicated by the same symbols as in the first 
embodiment. 

7.1 . Configuration of blood pressure monitor 

[0176] Fig. 21 is a schematic view showing blood 
pressure measurement using a blood pressure monitor 
1 60 of this embodiment worn on the wrist. As shown in 
this figure, the blood pressure monitor 160 of this 
embodiment is provided with a first artery pressing sec- 
tion 1 62 which locally presses the radial artery 94 as the 
first artery and a second artery pressing section 164 
which locally presses the ulnar artery 96 as the second 



artery These are directly attached to the blood pressure 
monitor via a band 122. The first artery pressing section 
162 and the second artery pressing section 164 are 
individually connected to a tube 132. A valve 165 which 
allows or interrupts fluid flow therein is provided in part 
of the tube 1 32 connected with the second artery press- 
ing section. 

[0177] A pressure sensor 130 is provided so that it 
can detect a vibration of the radial artery 94 which is 
conveyed as a fluid pressure change via the first artery 
pressing section 162 when the valve 165 is closed, 
[0178] The electric configuration of the blood pres- 
sure monitor 160 of this embodiment Is shown in the 
block diagram of Fig. 22, which differs from that of the 
fifth embodiment in that the control section 168 has an 
additional function of controlling the valve 165 provided 
only in part of the tube 1 32 connected with the second 
artery pressing section 164. The control section 168 
controls operation of the pump 133, the exhaust valve 
132, and the valve 165 so that the amount of fluid filled 
into the first artery pressing section 162 may be 
adjusted so as to vary the pressure applied to the radial 
artery 94 within the prescribed range. 

7.2 Operation of blood pressure monitor 

[01 79] The blood pressure monitor 1 60 operates as 
follows, for example, to measure blood pressure. 
[0180] First, a cuff-like band 122 is wound around 
the wrist so that the first artery pressing section 162 
comes to a point corresponding to the radial artery 94, 
and the second artery pressing section 164 to the ulnar 
artery 96. 

[01 81 ] The control section 1 68 controls operation of 
the pump 133 and the exhaust valve 134 so that the 
amount of fluid filled into the second artery pressing 
section 164 can be adjusted so as to change the pres- 
sure applied by the second artery pressing section 164 
to a degree to substantially shut off the blood flowing 
through the ulnar artery 96. The pressure applied by the 
second artery pressing section 164 to substantially shut 
off the blood flowing in the ulnar artery 96 can be con- 
trolled by the control section 168 to close the valve 165. 
[01 82] The control section 1 68 also controls opera- 
tion of the pump 133 and the exhaust valve 134 so that 
the amount of the fluid filled into the first artery pressing 
section 1 62 can be adjusted so as to vary the pressure 
applied to the radial artery 94 by the first artery pressing 
section 162 within the prescribed range. Specifically, the 
pressure applied by the first artery pressing section 162 
is controlled by the control section 168 to a range 
slightly higher than the commonly encountered blood 
pressure, for example, in the range of 250 to 20 mmHg, 
[0183] In each point pressed by the first artery 
pressing section 162, the pressure sensor 130 which 
detects a vibration of the radial artery 94 detects signals 
corresponding to the vibration of the blood vessel walls 
due to the blood which flows through blood vessels con- 
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stricted by the first artery pressing section 162. The 
result for each pressure by the first artery pressing sec- 
tion 162 is stored in the blood pressure determination 
section 136. Each pressing force value applied by the 
first artery pressing section 162 is transmitted to the $ 
blood pressure determination section 136 from the con- 
trol section 168 which controls the pressing force value. 
[0184] In the same manner as in the first embodi- 
ment, the blood pressure decision section 136 deter- 
mines the blood pressure when a sufficient number of 
pressure samples is obtained over the above-men- 
tioned range for the first artery pressing section 162. 
The result Is reported by the notification section 62. 7.3 
Modification of the seventh embodiment 
[0185] 7.3.1 In the above embodiments, the radial 
artery 94 was taken as an example of the first artery to 
be pressed by the first artery pressing section 162 for 
detection of a vibration using the pressure sensor 130, 
and the ulnar artery 96 as an example of the second 
artery to be pressed by the second artery pressing sec- 
tion 1 64. However, the first artery which is pressed by 
the first artery pressing section 162 for detection of a 
vibration using the pressure sensor 130 may be the 
ulnar artery 96, and the second artery which is be 
pressed by the second artery pressing section may be 
the radial artery 94. Furthermore, in measuring blood 
pressure at any other portion of the extremities or fin- 
gers In which two arteries flow comparatively close to 
the skin, It is possible to modify the blood pressure mon- 
itor 160 so that either one of the two arteries as the first 
artery may be pressed by the first artery pressing sec- 
tion 162 for detection of a vibration using the pressure 
sensor 130, and the other artery may be pressed by the 
second artery pressing section 164. 
[0186] 7.3.2 The modification described in 5.3.1 for 
the fifth embodiment can be applied also to this embod- 
iment. 

[0187] 7.3.3 As described in 5.3.3 relating to the 
modification for the fifth embodiment, the blood pres- 
sure monitor 160 of this embodiment may further com- 
prise a conversion section 50 and a blood-pressure- 
waveform processing section 54. The blood pressure 
monitor 160 having the conversion section 50 and the 
blood-pressure-waveform processing section 54 may 
further comprise the sections Indicated by broken lines 
In Fig. 22. 

7.4 Effects of the seventh embodiment 

[0188] In the blood pressure monitor 160 of this 

embodiment, the first artery pressing section 162 and 
the second artery pressing section 1 64 installed inside 
the band 122 locally press the arteries 94 and 96. 
Therefore, the arteries 94 and 96 are pressed by the 
artery pressing sections 162 and 164 at a sufficient 
pressure so that the pressure applied to the region fac- 
ing the band 122 may not become so large. As a result, 
a pressure sufficiently great as to Impart an unpleasant 



or disagreeable feeling to the subject will not be applied. 
[0189] In addition, because the first artery pressing 
section 162 and the second artery pressing section 164 
only locally press the arteries 94, 96, the pressing oper- 
ation by the first artery pressing section 94 and the sec- 
ond artery pressing section 96 will not be interfered with 
by the sinews or bones which may be present dose to 
these arteries 94, 96. Therefore, the pressing operation 
can press the artery with certainty, ensuring measure- 
ment of the blood pressure more accurately than in the 
conventional method in which the arteries are directly 
pressed by a cuff or the like applied to the circumfer- 
ence of the extremities or fingers. Thus, more accurate 
blood pressure measurement can be ensured. 
[01 90] In addition, the use of the band 1 22 similar to 
cuffs commonly used for blood pressure measurement 
allows the blood pressure monitor 1 60 of this embodi- 
ment to be designed as a comparatively small instru- 
ment. 

[0191] Furthermore, because this blood pressure 
monitor 160 is equipped with the second artery press- 
ing section 164 which locally presses the ulnar artery 
96, the blood pressure monitor can substantially shut off 
the blood flow to the peripheral side from the pressed 
point. Therefore, the signals from the radial artery 94 
detected by the pressure sensor 1 30 will not be affected 
by the pulses due to the blood flowing from the ulnar 
artery 96 via the artery and the like which connect the 
radial artery 94 and the ulnar artery 96, thereby ensur- 
ing more accurate blood pressure measurement. 

8. Eighth embodiment 

[0192] The blood pressure monitor of the eighth 
embodiment is almost the same as that of the fifth 
embodiment, except that the former does not have the 
artery pressing section 126 and the control section 
employs a different controlling method. Other features 
are the same as in the fifth embodiment, so description 
thereof Is omitted. Corresponding sections in each fig- 
ure are indicated by the same symbols as In the first 
embodiment. 

8.1 Configuration of blood pressure monitor 

[0193] Fig, 23 is a schematic view showing blood 
pressure measurement using a blood pressure monitor 
180 of this embodiment worn on the wrist. As shown in 
this figure, the blood pressure monitor 180 of this 
embodiment is formed so that a pressure applying sec- 
tion 124 acting as an artery pressing section directly 
presses the radial artery 94 and the ulnar artery 96. 
[01 94] The pressure sensor 1 30 can detect a vibra- 
tion of the radial artery 94 and the ulnar artery 96 which 
Is conveyed as a fluid pressure change via the pressure 
applying section 124 acting as an artery pressing sec- 
tion. Specifically, because the pressure applying section 
124 located above the radial artery 94 and the ulnar 
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artery 96 applies pressure according to the vibration of 
the radial artery 94 and the ulnar artery 96, the fluid 
pressure in the pressure applying section 124 changes 
according to the vibration of the radial artery 94 and the 
ulnar artery 96. Accordingly, the pressure sensor 130 
which detects such a pressure change can output sig- 
nals corresponding to the vibration of the radial artery 
94 and the ulnar artery 96. 

[0195] The electric configuration of the blood pres- 
sure monitor 1 80 of this embodiment is the same as that 
of the fifth embodiment shown as a block diagram in Fig. 
19. The control section 128 controls operation of the 
pump 1 33 and the exhaust valve 1 32 so that the amount 
of the fluid filled into the pressure applying section 124 
can be adjusted so as to gradually increase the pres- 
sure applied to the radial artery 94 and the ulnar artery 
96 from the prescribed minimum pressure. 

8.2 operation of blood pressure monitor 

[01 96] The blood pressure monitor 1 20 operates as 
follows, for example, to measure blood pressure. 
[0197] A cuff-like band 122 is wound around the 
wrist so that the pressure applying section 124 as an 
artery pressing section comes to the point correspond- 
ing to the ulnar artery 96 and the ulnar artery 96. 
[01 98] Next, the control section 1 28 controls opera- 
tion of the pump 133 and the exhaust valve 134 so that 
the amount of the fluid filled into the pressure applying 
section 124 can be adjusted so as to change the pres- 
sure applied by the pressure applying section 124. In 
this manner, the pressure applied to the radial artery 94 
and the ulnar artery 96 by the pressure applying section 
124 may be gradually increased from a pressure signif- 
icantly lower than the commonly encountered minimum 
blood pressure, for example, 20 mmHg. 
[0199] In each point pressed by the artery pressing 
section 124, the pressure sensor 130 which detects a 
vibration of the radial artery 94 and the ulnar artery 96 
detects signals corresponding to the vibration of the 
blood which flows through blood vessels. The signals 
detected by the pressure sensor 130 at each pressure 
applied by the pressure applying section 124 will be 
read by the blood pressure determination section 136 
together with the pressure of the pressure applying sec- 
tion 124 from time to time. If the pressure applied by the 
pressure applying section 124 is controlled as men- 
tioned above, the signals detected by the pressure sen- 
sor 130 are converted into signals consisting of a static 
pressure (direct component) which corresponds to the 
pressure applied by the pressure applying section 1 24 
and a kinetic pressure (alternating component) which 
corresponds to the vibration of the blood vessel walls 
due to blood flow. Fig. 24 is a graph schematically show- 
ing the kinetic pressure (alternating component) which 
corresponds to the vibration of the blood vessel walls 
due to blood flow as an amplitude characteristic to the 
pressure applied by the pressure applying section 124, 



when the pressure applied by the pressure applying 
section 124 is controlled as mentioned above. As can 
be seen from the figure, the amplitude of the pressure 
fluctuation wave detected by the pressure sensor in 

5 response to vascular vibration becomes negligible when 
the pressure applied by the pressure applying section 
124 is less than the minimum blood pressure or more 
than the maximum blood pressure, even though such 
an amplitude may not become zero due to noise or 

10 other factors. 

[0200] Making use of such characteristics, the pres- 
sure applied by the pressure applying section 1 24 at the 
point where the pressure sensor 130 begins to detect 
vascular vibration due to the blood flowing in the blood 

15 vessels constricted by pressure from the pressure 
applying section 124 is stored in the pressure applying 
section 124 as the minimum pressure in this blood pres- 
sure monitorl 80. 

[0201] Next, the pressure applied by the pressure 
20 applying section 124 immediately before the point 
where the pressure sensor 130 stops detection of vas- 
cular vibration due to the blood flowing in the blood ves- 
sels constricted by the pressure of the pressure 
applying section 124 is stored in the pressure applying 
25 section 124 as the maximum pressure, whereupon the 
blood pressure measuring operation is completed. 

8.3 Modification of the eighth embodiment 

30 [0202] 8.3.1 Although the radial artery 94 and the 

ulnar artery 96 were given as the artery to be pressed 
by the pressure applying section 124 as an artery 
pressing section for detection of a vibration using the 
pressure sensor 130 in the above description, it is pos- 

35 sible that the artery pressed by the pressure applying 
section 1 24 as an artery pressing section for detection 
of a vibration using the pressure sensor 130 may be 
either the radial artery 94 or the ulnar artery 96. The 
blood pressure monitor 1 80 of this embodiment may fur- 

40 ther be modified so that the artery pressed by the pres- 
sure applying section 1 24 as an artery pressing section 
for detection of a vibration using the pressure sensor 
130 may be other artery at any other portion of the 
extremities or fingers. 

45 [0203] 8.3.2 The method of controlling the pressure 
applied to the artery by the pressure applying section 
124 (the artery pressing section) by the control section 
128 in the blood pressure monitor 180 of this embodi- 
ment, that is, the controlling method of gradually 

50 increasing the pressure from a level lower than the min- 
imum blood pressure to a level almost equivalent to the 
maximum pressure can be applied to the blood pres- 
sure monitors in the previously described eml)odiments. 
This controlling method can decrease maximum pres- 

55 sure applied to the artery pressing section as compared 
with conventional blood pressure monitors in which a 
pressure higher than the conceivable maximum pres- 
sure is first applied and then gradually decreased. As a 
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result, the risk of imparting an unpleasant or disagreea- 
ble feeling to the subject due to application of an unduly 
great pressure can be avoided. 
[0204] 8.3.3 The modification described in 5.3.1 for 
the fifth embodiment can also be applied to this embod- 5 
iment. 

[0205] 8.3.4 As described in 5.3.3 relating to the 
modification for the fifth embodiment, the btood pres- 
sure monitor 180 of this embodiment may further com- 
prise a conversion section 50 and a blood-pressure- io 
waveform processing section 54. 8.4 Effects of the 
eighth embodiment 

[0206] In the blood pressure monitor 180 of this 
embodiment, the control section 128 controls the pres- 
sure applied to the artery by the pressure applying sec- is 
tion 124 as an artery pressing section so that this 
pressure may be gradually increased from the pre- 
scribed minimum pressure. In each step of the pressure 
increase, the blood pressure determination section 136 
determines the blood pressure based on signals 20 
detected by the pressure sensor 130 and the pressure 
data stored therein from time to time taken at the time of 
btood pressure determination. Specifically, In the blood 
pressure measurement using this blood pressure moni- 
tor 180, the pressure applied by the pressure applying 25 
section 124 at the point where the pressure sensor 130 
begins to detect vascular vibration due to the blood flow- 
ing In the blood vessels constricted by the pressure of 
the pressure applying section 124 is stored in the pres- 
sure applying section 124 as the minimum pressure, 30 
while the pressure lower than the conceivable minimum 
pressure which is first applied is gradually increased. 
Then, the pressure applied by the pressure applying 
section 124 immediately before the point where the 
pressure sensor 130 stops detecting vascular vibration 35 
due to the blood flowing in the blood vessels constricted 
by the pressure of the pressure applying section 124 is 
stored in the pressure applying section 124 as the max- 
imum pressure, whereupon the blood pressure measur- 
ing operation is completed. 40 
[0207] In this manner, blood pressure measure- 
ment using the blood pressure monitor 180 of this 
embodiment can be completed at the moment when the 
pressure applied by the pressure applying section 124 
almost becomes the maximum blood pressure. There- 45 
fore, it is possible to decrease the maximum pressure 
applied to the pressure applying section 124 as com- 
pared with conventional blood pressure monitors In 
which a pressure higher than the conceivable maximum 
pressure is first applied and then gradually decreased, so 
As a result, a pressure sufficiently great as to impart an 
unpleasant or disagreeable feeling to the subject will not 
be applied. 

[0208] In conventional blood pressure monitors in 
which a pressure higher than the commonly encoun- 55 
tered maximum pressure is first applied and then grad- 
ually decreased, a process for decreasing the pressure 
applied by the pressure applying section to a low level is 



necessary after a process of increasing the pressure of 
the pressure applying section to a high level. In contrast, 
because it is possible to measure the blood pressure in 
a single process of increasing the pressure of the pres- 
sure applying section 124, the blood pressure monitor 
180 of this embodiment can reduce the time for the 
measurement as compared with the conventional blood 
pressure monitors in which a pressure higher than the 
commonly encountered maximum pressure is first 
applied and then gradually decreased. 
[0209] The present invention is not limited to the 
embodiments described above. Many modifications and 
variations are possible without departing from the spirit 
and scope of the present invention. 

Claims 

1 . A blood pressure monitor comprising: 

an artery pressing section which locally 
presses an artery of any one of extremities and 
fingers at an arbitrarily variable pressing force; 
a control section which controls the pressing 
force applied by the artery pressing section; 
a vibration sensor detecting a vibration of the 
artery at a point pressed by the artery pressing 
section or at a point peripheral to the point 
pressed by the artery pressing section; and 
a blood pressure determination section which 
determines a maximum blood pressure and a 
minimum blood pressure based on various 
pressing force values applied by the artery 
pressing section and signals detected by the 
vibration sensor at the various pressing force 
values. 

2. The blood pressure monitor according to claim 1 , 
further comprising a positioning mechanism which 
positions the first pressing section and the vibration 
sensor on the artery. 

3. The blood pressure monitor according to claim 1 or 
2, further comprising guides provided on each side 
of the vibration sensor and guiding the vibration 
sensor to the artery by being located on both sides 
of the artery. 

4. The blood pressure monitor according to any one of 
claims 1 to 3, further comprising a peripheral side 
pressing section which presses the artery at a point 
peripheral to the vibration sensor and almost com- 
pletely shuts off the vibration transmitted by an 
artery section peripheral to the vibration sensor. 

5. The blood pressure monitor according to any one of 
claims 1 to 4, 

wherein the vibration sensor detects the vibration 
transmitted to the artery pressing section. 
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6. The blood pressure monitor according to any one of 
claims 1 to 4. further comprising a sensor pressing 
section which causes the vibration sensor to press 
the artery. 

7. The blood pressure monitor according to any one of 
claims 1 to 4, 

wherein the vibration sensor Is a pulse wave sensor 
detecting a pulse waveform, and 
wherein the blood pressure monitor further com- 
prises a conversion section which converts the 
pulse waveform into a blood pressure waveform 
based on the maximum blood pressure and the 
minimum blood pressure. 

8. The blood pressure monitor according to claim 7, 
further comprising a blood-pressure-waveform 
processing section which calculates at least one of 
following items based on the blood pressure wave- 
form obtained by the conversion section: a mean 
blood pressure, a pulse pressure which is a differ- 
ence between the maximum blood pressure and 
the minimum blood pressure, an after-ejection pres- 
sure which is a pressure difference between a 
dicrotic notch and the maximum blood pressure, a 
dicrotic wave height which is a pressure difference 
between the dicrotic notch and a dicrotic wave 
peak, an after-ejection pressure ratio which is the 
after-ejection pressure normalized by the pulse 
pressure, a dicrotic wave height ratio which is the 
dicrotic wave height normalized by the pulse pres- 
sure, and a dicrotic wave height after-ejection pres- 
sure ratio which is a ratio of the dicrotic wave height 
and the after-ejection pressure. 

9. The pulse wave detection apparatus according to 
any one of claims 1 to 8, 

wherein the artery pressed by the artery pressing 
section, of which vibration is detected by the vibra- 
tion sensor, is a radial artery. 

10. A blood pressure monitor comprising: 

a first artery pressing section which locally 
presses a first artery of any one of extremities 
and fingers having the first artery and a second 
artery at an arbitrarily variable pressing force; 
a control section which controls the pressing 
force applied by the first artery pressing sec- 
tion; 

a second artery pressing section which locally 
presses the second artery; 
a vibration sensor detecting a vibration of the 
first artery at a pressed point or on a peripheral 
side thereof; and 

a blood pressure determination section which 
determines a maximum blood pressure and a 
minimum blood pressure based on various 



pressing force values applied by the first artery 
pressing section and a signal detected by the 
vibration sensor at each of the pressing force 
values. 

5 

11. The blood pressure monitor according to claim 10, 
further comprising a positioning mechanism which 
positions the first artery pressing section and the 
vibration sensor on the first artery. 

10 

12. The blood pressure monitor according to claim 10 
or 1 1 , further comprising guides provided on each 
side of the vibration sensor and guiding the vibra- 
tion sensor to the first artery by being located on 

15 both sides of the first artery. 

1 3. The blood pressure monitor according to any one of 
claims 10 to 12, 

wherein the vibration sensor detects the vibration 
20 transmitted to the first artery pressing section. 

1 4. The blood pressure monitor according to any one of 
claims 10 to 12, further comprising a sensor press- 
ing section which causes the vibration sensor to 

25 press the first artery. 

15. The blood pressure monitor according to any one of 
claims 10 to 14, 

wherein the first artery pressed by the first artery 
30 pressing section, of which vibration is detected by 
the vibration sensor, is a radial artery. 

16. The blood pressure monitor according to any one of 
claims 10 to 15, 

35 wherein the vibration sensor is a pulse wave sensor 
detecting a pulse waveform, and 
wherein the blood pressure monitor further com- 
prises a conversion section which converts the 
pulse waveforms into a blood pressure waveform 

40 based on the maximum blood pressure and the 
minimum blood pressure. 

17. The blood pressure monitor according to claim 16, 
further comprising a blood-pressure-waveform 

45 processing section which calculates at least one of 
following items based on the blood pressure wave- 
form obtained by the conversion section: a mean 
blood pressure, a pulse pressure which is a differ- 
ence between the maximum blood pressure and 

50 the minimum blood pressure, a after-ejection pres- 
sure which is a pressure difference between a 
dicrotic notch and the maximum blood pressure, a 
dicrotic wave height which is a pressure difference 
between the dicrotic notch and a dicrotic wave 

55 peak, an after-ejection pressure ratio which is the 
after-ejection pressure normalized by the pulse 
pressure, a dicrotic wave height ratio which is the 
dicrotic wave height normalized by the pulse pres- 
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sure, and a dicrotic wave height after-ejection pres- 
sure ratio which is a ratio of the dicrotic wave height 
and the after-ejection pressure. 

18. A pulse wave detection apparatus comprising: 

an artery pressing section which locally 
presses an artery of any one of extremities and 
fingers at an arbitrarily variable pressing force; 
a control section which controls the pressing 
force applied by the artery pressing section; 
and 

a pulse sensor detecting pulse of the artery at 
a pressed point or on a peripheral side thereof. 

19. The pulse wave detection apparatus according to 
claim 18, further comprising a positioning mecha- 
nism which positions the artery pressing section 
and the pulse sensor on the artery. 

20. The pulse wave detection apparatus according to 
claim 18 or 19, further comprising guides provided 
on each side of the pulse sensor and guiding the 
pulse sensor to the artery by being located on both 
sides of the artery. 

21. The pulse wave detection apparatus according to 
any one of claims 18 to 20, 

wherein the pulse sensor detects the vibration 
transmitted to the artery pressing section. 

22. The pulse wave detection apparatus according to 
any one of claims 18 to 20, further comprising a 
sensor pressing section which causes the pulse 
sensor to press the artery. 

23. The pulse wave detection apparatus according to 
any one of claims 1 8 to 22, 

wherein the artery pressed by the artery pressing 
section, of which pulse is detected by the pulse 
sensor, is a radial artery. 

24. The pulse wave detection apparatus according to 
any one of claims 18 to 23, further comprising a 
pressure waveform processing section which calcu- 
lates at least one of the following items based on 
the pulse waveform obtained by the pulse sensor: 

an after-ejection pressure ratio which is a after- 
ejection pressure normalized by a pulse pres- 
sure, the after-ejection pressure being a pres- 
sure difference between a dicrotic notch and a 
maximum blood pressure, the pulse pressure 
being a difference between the maximum blood 
pressure and a minimum blood pressure; 
a dicrotic notch difference ratio which is a dicro- 
tic notch difference normalized by the pulse 
pressure, the dicrotic notch difference being a 



difference between a blood pressure of the 
dicrotic notch and the minimum blood pres- 
sure; 

a mean-blood-pressure pulse-pressure ratio 
5 which is a ratio of the mean-blood-pressure 

and the pulse pressure, a dicrotic wave height 

ratio which is a dicrotic wave height normalized 

by the pulse pressure; and 

a dicrotic-wave-height after-ejection pressure 
10 ratio which is a ratio of the dicrotic wave height 

and the after-ejection pressure. 

25. A blood pressure monitor comprising: 

15 a band wound around any one of extremities 

and fingers; 

a pressure applying section which is installed 
on a inner surtece of the band and applies a 
variable pressure around any one of the 

20 extremities and fingers by changing a volume 

of a fluid included therein; 
an artery pressing section which is attached to 
the pressure applying section and locally 
presses an artery of any one of the extremities 

25 and fingers; 

a control section which controls a pressing 
force applied to the artery by the artery press- 
ing section by changing the pressure applied 
by the pressure applying section; 

30 a pressure sensor which detects a vibration of 

the artery transmitted as a pressure change of 
the fluid, the vibration transmitted to the fluid 
via the artery pressing section and the pres- 
sure applying section; and 

35 a blood pressure determination section which 

determines a maximum blood pressure and a 
minimum blood pressure based on various 
pressing force values applied by the artery 
pressing section and a signal detected by the 

40 pressure sensor at each of the pressing force 

values. 

26. A blood pressure monitor comprising: 

45 a band wound around any one of extremities 

and fingers having a first artery and a second 

artery; 

a pressure applying section which is installed 
on a inner suriace of the band and applies a 

50 variable pressing force to the first artery by 

changing a volume of a fluid included therein; 
a second artery pressing section which is 
attached to the pressure applying section and 
locally presses the second artery; 

55 a control section which controls the pressure 

applied by the pressure applying section; 
a pressure sensor which detects a vibration of 
the artery transmitted as a pressure change of 
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the fluid via the pressure applying section; and 
a blood pressure determination section which 
determines a maximum blood pressure and a 
minimum blood pressure based on various 
pressing force values applied by the pressure 
applying section and a signal detected by the 
pressure sensor at each of the pressing force 
values. 

27. A blood pressure monitor comprising: 

a band wound around any one of extremities 
and fingers having a first artery and a second 
artery; 

a first artery pressing section which is installed 
on a inner surface of the band and locally 
applies a variable pressing force to the first 
artery by changing a volume of a fluid included 
therein; 

a second artery pressing section which is 
installed on a inner surface of the band and 
locally applies a variable pressing force to the 
second artery by changing a volume of a fluid 
included therein; 

a control section which controls the pressing 
force applied by the first artery pressing sec- 
tion; 

a pressure sensor which detects a vibration of 
the artery transmitted as a pressure change of 
the fluid via the first artery pressing section; 
and 

a blood pressure determination section which 
determines a maximum blood pressure and a 
minimum blood pressure based on various 
pressing force values applied by the first artery 
pressing section and a signal detected by the 
pressure sensor at each of the pressing force 
values. 

28. A blood pressure monitor comprising: 

an artery pressing section which presses an 
artery of any one of extremities or fingers at an 
arbitrarily variable pressing force; 
a control section which controls the pressing 
force applied to the artery by the artery press- 
ing section so as to gradually increase the 
pressing force from a predetermined minimum 
pressing force; 

a pressure sensor detecting a vibration of the 
artery at a point pressed by the artery pressing 
section or at a point peripheral to the point 
pressed by the artery pressing section; and 
a blood pressure determination section which 
determines a maximum blood pressure and a 
minimum blood pressure based on various 
pressing force values applied by the artery 
pressing section and a signal detected by the 



pressure sensor at each of the pressing force 
values. 

29. Tbe blood pressure monitor according to any one of 
5 claims 25 to 28, further comprising a conversion 

section which converts a signal detected by the 
pressure sensor into a blood pressure waveform 
based on the maximum blood pressure and the 
minimum blood pressure. 

10 

30. The blood pressure monitor according to claim 29, 
further comprising a blood-pressure-waveform 
processing section which calculates at least one of 
following items based on the blood pressure wave* 

15 form obtained by the conversion section: a mean 
blood pressure, a pulse pressure which is a differ- 
ence between the maximum blood pressure and 
the minimum blood pressure, a after-ejection pres- 
sure which is a pressure difference between a 

20 dicrotic notch and the maximum blood pressure, a 
dicrotic wave height which is a pressure difference 
between the dicrotic notch and a dicrotic wave 
peak, an after-ejection pressure ratio which is the 
after-ejection pressure normalized by the pulse 

2S pressure, a dicrotic wave height ratio which is the 
dicrotic wave height normalized by the pulse pres- 
sure, and a dicrotic wave height after-ejection pres- 
sure ratio which is a ratio of the dicrotic wave height 
and the after-ejection pressure. 
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